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Notice 


This  report  has  been  prepared  for  the  Air  Force  by  CH2M  HILL  for  the  purpose  of  aiding  in  the 
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limited  objectives  of  this  report  and  the  ongoing  nature  of  the  IRP,  along  with  the  evolving  knowledge 
of  site  conditions  and  chemical  effects  on  the  environment  and  health,  must  be  considered  when 
evaluating  this  report,  since  subsequent  facts  may  become  known  that  may  make  this  report  premature 
or  inaccurate.  Acceptance  of  this  report  in  performance  of  the  contract  under  which  it  is  prepared 
does  not  mean  that  the  Air  Force  adopts  the  conclusions,  recommendations,  or  other  views  expressed 
herein,  which  are  those  of  the  contractor  only  and  do  not  necessarily  reflect  the  official  position  of  the 
Air  Force. 
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EXECUTIVE  SUMMARY 


Executive  Summary 


This  preliminary  risk  assessment  for  the  Davis  Global  Communications  Site  (Davis  Site) 
addresses  both  human  health  risks  and  ecological  effects  associated  with  contaminants 
detected  at  the  Davis  Site.  To  complete  the  RA,  information  developed  through  the 
remedial  investigations  conducted  at  the  site  were  used  to: 

•  Identify  contaminants  of  potential  concern  (COPCs)  at  the  Davis  Site 

•  Identify  potential  exposure  pathways  from  the  contaminants  of  potential 
concern  to  human  and  ecological  receptors 

•  Estimate  contaminant  concentrations  to  which  receptors  could  become 
exposed  through  the  potential  exposure  pathways 

•  Estimate  contaminant  intake  rates  through  the  potential  exposure 
pathways 

•  Characterize  potential  risks  to  humans  and  wildlife  associated  with  esti¬ 
mated  intake  rates 

This  preliminary  risk  assessment  was  based  on  a  reasonable  maximum  exposure  (RME) 
scenario,  and  was  developed  in  accordance  with  applicable  federal,  state,  and  Instal¬ 
lation  Restoration  Program  (IRP)  guidance  (IRP,  1991).  In  developing  the  RME 
scenario,  conservative  assumptions  were  used  that  estimated  exposures  to  site  con¬ 
taminants  well  above  average  exposure  levels,  but  still  within  the  range  of  possible 
exposures. 

COPCs  that  were  evaluated  in  the  risk  assessment  were  volatile  organic  compounds 
(VOCs)  detected  in  soil  gas  and  groundwater,  and  petroleum  hydrocarbons  and  poly¬ 
nuclear  aromatic  hydrocarbons  detected  both  in  subsurface  soil  and  in  stockpiled  soils. 
Generally,  exposures  to  these  contaminants  were  based  on  the  highest  concentrations 
detected  at  the  site. 

Exposure  scenarios  developed  to  evaluate  risks  to  human  health  considered  onsite 
workers  potentially  exposed  by  inhalation  to  emissions  of  VOCs  emitted  from  soil  gas 
or  groundwater  from  the  site  production  well,  dermal  contact  with  VOCs  in  ground- 
water,  or  soil  ingestion  and  dermal  contact  with  contaminants  in  excavated  soils. 

Because  of  zoning  restrictions  in  Yolo  County,  the  site  is  not  likely  to  be  used  for  resi¬ 
dential  housing  in  the  event  of  a  mission  change.  Nevertheless,  at  the  request  of  regu¬ 
latory  agencies,  a  hypothetical  residential  exposure  scenario  was  evaluated,  involving 
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ingestion,  inhalation,  and  dermal  contact  with  VOCs  detected  in  groundwater 
monitoring  wells.  This  hypothetical  scenario  assumes  that  individuals  living  at  the  site 
would  use  untreated  groundwater  for  drinking  water  or  other  purposes. 

Ecological  resources  potentially  at  risk  are  limited.  However,  two  special-status  species 
could  use  certain  features  of  the  site— Swainson’s  hawk  and  the  burrowing  owl.  Certain 
remediation  activities  could  result  in  small  losses  in  foraging  habitat  for  Swainson’s 
hawk.  Burrowing  owls  using  the  stockpiled  soils  for  nesting  could  potentially  become 
exposed  to  petroleum  hydrocarbons  detected  in  the  soil.  With  minimal  dilution  and 
ventilation  in  the  burrows,  hydrocarbon  contaminants  in  the  soil  could  volatilize  and 
reach  equilibrium  concentrations  in  air,  resulting  in  potential  inhalation  exposures. 

Risks  to  human  health  are  expressed  either  as  increased  lifetime  cancer  risks  or  as 
potential  for  adverse  noncancer  health  effects.  Estimated  health  risks  to  humans  are 
summarized  in  Table  S-1.  The  results  do  not  indicate  the  presence  of  conditions  posing 
any  imminent  or  substantial  danger  to  human  health  or  the  environment.  EPA 
generally  considers  action  to  be  warranted  at  a  site  where  increased  lifetime  cancer 
risks  exceed  one  in  ten  thousand  (lx  10"*)  or  a  noncancer  hazard  index  exceeds  one 
(unless  applicable  and  appropriate  relevant  requirements  (ARARs)  are  exceeded  or 
adverse  ecological  effects  are  associated  with  the  site).  Generally,  action  is  not 
required  for  risks  failing  within  1  x  10"*  to  one  in  one  million  (lx  10"^^;  however, 
judgment  is  on  a  case-by-case  basis.  Risks  less  than  1  x  10"^  typically  are  not  of  concern 
to  regulatory  agencies. 

Based  on  these  results,  the  preliminary  risk  assessment  indicates  that  some  action  may 
be  required  to  reduce  future  risks  to  human  health  associated  with  contaminants  in 
groundwater.  However,  there  are  significant  uncertainties  in  the  risk  estimates  asso¬ 
ciated  with  contaminants  in  water  fi'om  the  site  production  well.  Additional  monitoring 
from  the  site  production  well  may  be  warranted  to  better  evaluate  the  presence  and 
concentrations  of  ethylene  dibromide  and  trihalomethanes  (such  as  chloroform)  in 
water. 

Under  current  conditions,  further  action  is  not  indicated  to  reduce  human  health  risks 
associated  with  direct  contact  exposures  (soil  ingestion  and  dermal  contact)  to 
petroleum  hydrocarbon  contaminants  in  soil  or  inhalation  exposures  fi^om  emissions  of 
VOCs  from  soil  gas  in  the  air.  Should  the  site  be  developed  for  residential  use  in  the 
future,  further  evaluation  of  petroleum  hydrocarbon  constituents  could  be  required  to 
address  potential  risks  to  human  health. 

Diesel  hydrocarbon  concentrations  in  some  samples  firom  the  stockpiled  soils  exceeded 
an  ecological  benchmark  level  for  inhalation  exposure,  suggesting  the  presence  of  some 
risks  to  burrowing  owls.  Significant  uncertainties  are  associated  with  the  estimation  of 
ecological  exposures  and  with  the  benchmark  level  development,  and  the  ecological  risk 
assessment  methodology  tends  to  overestimate  the  risks  associated  with  petroleum 
hydrocarbons  in  soil. 
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The  soil  piles  are  not  significant  habitat  and  could  be  removed  or  graded  with  insig¬ 
nificant  impacts  to  owl  populations,  thereby  mitigating  this  potential  ecological  impact. 
Ecological  impacts  could  be  associated  with  a  groundwater  remedial  action  alternative 
that  includes  an  irrigation  end-use  option.  A  storage  pond  would  be  constructed  as  a 
part  of  the  irrigation  system,  which  could  attract  waterfowl.  Potential  impacts  to  water- 
fowl  could  include  botulism  outbreaks  and  selenium  toxicity  under  certain  conditions. 
However,  adherence  to  proper  management  practices  should  reduce  surface-water 
problems  to  waterfowl  to  insignificant  levels. 
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Chapter  1 
INTRODUCTION 


Chapter  1 

Introduction 


1.1  Purpose  of  the  Risk  Assessment 

This  report  presents  the  human  health  and  ecological  risk  assessment  of  the  McClellan 
Air  Force  Base  (McClellan  AFB)  Davis  Global  Communications  Site  (Davis  Site), 
located  in  Yolo  County,  California.  The  primary  purpose  of  the  risk  assessment  is  to 
give  risk  managers  an  understanding  of  the  actual  and  potential  risks  to  human  health 
and  the  environment  posed  by  the  Davis  Site.  That  information  will  be  useful  in  deter¬ 
mining  whether  remedial  action  is  warranted.  This  risk  assessment  (RA)  report  is  a 
companion  document  to  the  Working  Copy  Remedial  Investigation/Feasibility  Study 
(RI/FS)  report  prepared  for  the  Davis  Site  (CH2M  HILL,  1993a). 

The  purpose  of  the  RI/FS  was  to  provide  an  implementable  strategy  for  remediation 
that  complies  with  the  schedule  outlined  in  the  Federal  Facilities  Site  Remediation 
Agreement  (FFSRA).  This  strategy  must  also  be  approved  by  McClellan  AFB,  the 
Regional  Water  Quality  Control  Board  (RWQCB),  and  Department  of  Toxic  Sub¬ 
stances  Control  (DTSC).  The  RI/FS  and  RA  reports  and  recommendations  have  been 
structured  to  be  compatible  with  programmed  intermediate  remedial  actions  as  well  as 
remedial  actions  currently  being  implemented.  The  RI/FS  report  also  provides  an 
account  of  the  remedial  investigations  performed  at  the  Davis  Site  since  1985.  The  RA 
has  been  developed  from  information  compiled  by  the  RIs  performed  at  the  site.  It  is 
based  on  current  site  conditions  and  assumes  that  no  action  will  be  taken  in  the  future 
to  remediate  contamination  detected  at  the  Davis  Site. 

This  report  was  produced  by  CH2M  HILL  for  McQeUan  AFB  as  a  portion  of  Delivery 
Order  5055,  under  Contract  No.  F04699-90-D-0035. 


1.2  Site  Histoiy 

The  Davis  Site  is  an  annex  of  McQellan  AFB  in  Sacramento,  located  approximately 
4  miles  south  of  the  City  of  Davis,  as  shown  in  Figure  1-1.  The  site  encompasses 
approximately  316  acres  in  Yolo  County  and  is  surrounded  by  farmland.  A  320-acre 
parcel  on  the  west  side  of  the  site  was  ceded  to  Yolo  County  in  1973  for  development 
as  Wilson  Park.  Parts  of  Wilson  Park  are  now  leased  to  an  archery  club,  a  horseshoe 
club,  and  a  dog  training  club.  The  remainder  is  open  grassland. 

The  Davis  Site  consists  of  the  fenced  main  compound  area  (approximately  8  acres), 
communication  anteimae,  and  undeveloped  grasslands,  as  shown  in  Figure  1-2.  The 
site  is  staffed  with  approximately  12  people  24  hotirs  a  day  by  the  2049th  Communica¬ 
tions  Squadron,  which  operates  out  of  McClellan  AFB,  approximately  20  miles  to  the 
northeast.  Further  information  on  the  site  and  surrounding  areas  appears  in  Chapter  2. 
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In  1985,  three  underground  storage  diesel-fuel  tanks  and  associated  piping  were  discov¬ 
ered  to  be  leaking  diesel  fuel.  The  tanks  were  drained  and  removed  in  1988.  How¬ 
ever,  during  the  course  of  the  field  investigation  for  hydrocarbon  contamination,  volatile 
organic  compounds  (VOCs)  were  detected  in  groundwater  samples.  The  source  of 
these  VOCs  is  unknown;  however,  measurable  levels  have  been  detected  in  the  v.  dose 
zone  and  in  the  groundwater  beneath  the  site.  Site  field  investigation  activities  by  J.  H. 
Kleinfelder  and  Associates,  International  Technology  Corporation  (ITC),  and  CH2M 
HILL,  and  groundwater  monitoring  activities  by  Radian  Corporation  have  been  con¬ 
ducted  at  the  site  since  1985.  Additional  information  concerning  these  site  investigation 
activities  is  presented  in  Chapter  3.  The  RI/FS  report  contains  a  complete  summary  of 
the  site  investigations. 


1.3  Risk  Assessment  Approach 

As  described  in  the  scope  of  work  for  Delivery  Order  5055,  a  preliminary  risk  assess¬ 
ment  addressing  both  human  health  risks  and  ecological  effects  was  prepared  for  the 
Davis  Site.  To  be  consistent  with  this  requirement,  the  RA  was  based  on  a  series  of 
conservative  assumptions,  simplified  models,  and  interpretations  of  site  investigation 
data  that  tend  to  overstate  the  magnitude  of  health  risks  associated  with  contaminants 
detected  at  the  site.  Numerical  risk  estimates  developed  in  this  report  are  not  predic¬ 
tions  of  actual  health  outcomes  or  ecological  effects.  These  estimates  have  been  calcu¬ 
lated  in  a  manner  that  overestimates  risk,  and  thus  any  actual  risks  are  likely  to  be 
lower  than  these  estimates,  and  may  even  be  zero.  Figure  1-3  presents  a  conceptual 
overview  of  the  RA  process  for  both  human  health  and  ecological  effects. 

1.3.1  Human  Health  Risk  Assessment 

The  objectives  of  the  human  health  risk  assessment  were  as  follows: 

•  Identify  chemicals  of  potential  concern  at  the  site 

•  Identify  feasible  exposure  pathways  from  sources  of  the  chemicals  of 
potential  concern  to  human  populations 

•  Estimate  chemical  concentrations  that  individuals  could  become  exposed 
to  through  the  identified  exposure  pathways 

•  Estimate  chemical  intake  rates  through  the  identified  exposure  pathways 

•  Characterize  potential  risks  to  human  health  associated  with  estimated 
intake  rates 

•  Discuss  uncertainties  in  the  estimated  health  risks 
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The  following  steps  were  involved  in  the  human  health  risk  assessment: 


•  Selection  of  Contaminants  of  Potential  Concern  (COPCs)— The  process 
of  identifying  and  selecting  for  inclusion  into  the  RA  those  contaminants 
of  greatest  potential  health  concern  (i.e.,  the  contaminants  that  are  most 
toxic,  mobile,  persistent,  or  prevalent  of  those  detected)  from  among  the 
entire  set  of  contaminants  associated  with  the  Davis  Site. 

•  Exposure  Assessment— The  description  of  potentially  exposed  popula¬ 
tions;  frequencies  and  durations  of  potential  exposure;  plausible  exposure 
pathways;  and  concentrations  of  contaminants  in  air,  water,  or  soil  that 
exposed  populations  might  come  into  contact  with  through  the  identified 
exposure  pathways. 

•  Toxicity  Assessment— The  characterization  of  the  toxicological  properties 
and  health  effects  of  contaminants  with  special  emphasis  on  defining  their 
dose-response  relationships. 

•  Risk  Characterization— The  combining  of  results  of  the  exposure  and 
toxicity  assessments  and  comparison  of  these  with  toxicity  criteria  estab¬ 
lished  by  the  regulatory  agencies  to  provide  numerical  estimates  of  risks. 
Characterization  of  health  risks  also  includes  discussion  of  uncertainties  in 
the  risk  estimates  created  from  the  use  of  conservative  assumptions  or 
data  interpretations. 

The  human  health  risk  assessment  was  prepared  in  accordance  with  applicable  federal 
and  state  agency  guidelines  (U.S.  EPA,  1989a,  1991a,  1991b;  Cal-EPA,  1992)  and 
Installation  Restoration  Program  (IRP)  guidance  (IRP,  1991). 

13.2  Ecological  Risk  Assessment 

The  general  purposes  of  the  ecological  and  human  health  risk  assessments  are  the 
same.  The  objective  of  both  evaluations  is  to  define  the  existing  or  baseline  risk  and 
then  identify  site  conditions  that  will  result  in  acceptable  risk  levels.  Although  there  are 
many  similarities  in  data  requirements  and  analyses  between  the  human  health  and 
ecological  risk  assessments,  the  two  differ  in  receptors  and  associated  pathways  and,  in 
practice,  often  differ  in  types  of  activities  that  produce  risk.  Whereas  the  human  health 
assessment  deals  largely  with  contaminants  released  from  the  site,  the  ecological  risk 
assessment  also  addresses  physical  alteration  of  habitat  caused  by  remediation. 

An  ecological  risk  assessment  addresses  a  series  of  issues.  The  first  is  an  evaluation  of 
existing  ecological  damage  (if  any)  or  the  likelihood  of  damage  at  or  near  the  site.  This 
is  done  by  comparing  onsite  levels  of  contaminants  to  concentrations  known  from 
laboratory  tests  or  measurements  at  other  sites  to  cause  ecological  effects  such  as  mor¬ 
tality  or  reduced  reproduction  in  indigenous  populations.  Ecological  damage  can  also 
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be  identified  by  examining  the  populations  onsite  and  observing  effects  such  as  elevated 
tissue  concentrations  of  site  contaminants,  incidences  of  mortality,  altered  species 
composition,  and  abundance  of  the  biological  communities  in  affected  areas.  If  damage 
due  to  onsite  contaminants  is  observed  or  predicted,  the  ecological  risk  assessment 
should  define  levels  of  the  contaminants  of  concern  that  would  reduce  the  effects  to 
acceptable  levels. 

The  ecological  assessment  must  also  address  effects  produced  by  remediation.  This 
entails  evaluating  the  expected  ecological  conditions  resulting  from  specified  cleanup 
levels  and  other  remediation  activities,  such  as  physical  disturbance  or  other  alteration 
of  habitat.  The  risk  assessment  should  then  compare  the  predicted  conditions  to 
acceptable  conditions  given  site-specific  characteristics.  If  remediation  would  result  in 
residual  ecological  effects  (either  from  contaminants  remaining  onsite  or  from  remedia¬ 
tion  activities),  the  assessment  should  evaluate  measures  to  eliminate  or  minimize  those 
effects. 

Finally,  the  assessment  must  address  ecological  resources  that  are  regulated  by  various 
government  agencies.  The  evaluation  involves  identifying  such  resources  and  then 
determining  the  level  of  protection  provided  by  the  recommended  remediation.  As 
with  other  aspects  of  the  ecological  risk  assessment,  the  effects  of  residual  contamina¬ 
tion  as  well  as  habitat  alteration  must  be  considered. 

The  ecological  assessment  was  prepared  based  on  several  agency  guidance  documents 
(U.S.  EPA,  1989b,  1989c,  1992a,  and  1992b)  and  other  publications  (Maughan,  1993 
and  Suter,  1993). 

Document  Overview 

Each  chapter  begins  with  a  brief  discussion  of  its  content  and  how  that  content  fits  into 
the  structure  of  the  report.  Chapter  1  provides  a  history  of  the  site,  including  current 
operations,  and  a  descriptioii  of  the  risk  assessment  approach.  Chapter  2  presents  a 
summary  of  site  background  information  used  to  define  the  setting  in  which  health  risks 
and  ecological  effects  were  characterized.  Chapter  3  provides  a  summary  of  the  site 
characterization  data,  and  integrates  these  data  in  a  conceptual  model.  Chapter  4  is  a 
summary  of  the  human  health  risk  assessment;  Chapter  5  is  a  summary  of  the  ecologi¬ 
cal  risk  assessment.  Chapter  6  presents  the  findings  and  recommendations  from  both 
the  human  health  and  ecological  risk  assessments.  Supporting  documentation,  including 
data  interpretations,  models,  assumptions,  calculations,  and  detailed  technical  informa¬ 
tion,  is  included  as  appendixes.  These  appendixes  are  cross-referenced  with  this  narra¬ 
tive  to  facilitate  review  of  this  report. 


RDD10012A1E.WP5 


1-7 


Chapter  2 

SITE  BACKGROUND 


Chapter  2 

Site  Background 


Certain  characteristics  of  the  Davis  Site  are  described  in  this  chapter.  This  information 
was  subsequently  used  in  the  RA  in  developing  the  site  conceptual  model  and  in  identi¬ 
fying  exposure  pathways  from  contaminant  sources  detected  at  the  site  to  human  popu¬ 
lations  or  wildlife.  Pertinent  site  background  information  is  briefly  summarized  in  this 
chapter;  a  more  detailed  presentation  of  the  site  features  and  land  use  can  be  found  in 
Appendix  B,  Site  Background  Information. 


2.1  Site  Features 

Climate  in  the  area  of  the  Davis  Site  is  moderate,  with  mild  winters  and  hot,  dry  sum¬ 
mers.  Approximately  90  percent  of  the  rainfall  occurs  between  November  and  April 
with  little  or  no  precipitation  from  late  spring  to  early  fall.  Prevailing  winds  are  usually 
oriented  along  the  major  axis  of  the  Sacramento  Valley,  approximately  following  a 
southeast-northwest  pattern.  Wind  speeds  average  nearly  10  miles  per  hour  much  of 
the  year  (CH2M  HILL,  1993b;  Yolo  County,  1983).  Average  wind  speed  is  a  parame¬ 
ter  used  in  estimating  contaminant  concentration  in  air  from  emission  sources  in  soil. 

Most  of  the  soils  surrounding  the  Davis  Site  are  considered  prime  agricultural  farmland 
by  the  Soil  Conservation  Service.  Soils  underlying  the  site  consist  of  Brentwood  silty 
clay  loam  (0  to  2  percent  slope),  Marvin  silty  clay  loam  (no  slope  rating),  Pescadero 
silty  clay  (no  slope  rating),  and  ^pay  silty  clay  (no  slope  rating).  Surface  water  at  the 
site  consists  of  ephemeral  rainwater  pools  onsite  and  agricultural  drainage  ditches  along 
the  site  boundaiy.  There  are  no  permanent  ponds  or  creeks  within  1  mile  of  the  site, 
nor  any  direct  connections  to  Putah  Creek,  which  is  located  approximately  1.5  miles 
north  of  the  site. 

During  earlier  investigations,  as  many  as  seven  different  coarse-grained  units  were 
defined  as  aquifers  beneath  the  Davis  Site.  These  aquifers  have  been  given  letter 
designations  A  through  G,  sequentially  increasing  with  depth.  Because  of  the  effects  of 
agricultural  groundwater  withdrawals  near  the  site,  grotmdwater  levels,  flow  directions, 
and  velocities  appear  to  change  significantly  throughout  the  year. 

The  Davis  Site  is  an  area  of  frequently  disturbed  annual  grasses  surrounded  by  actively 
cultivated  fields.  Except  for  structiures,  gravel  drives,  and  other  man-made  site  features, 
there  is  little  or  no  variation  in  the  uniform  annual  grassland  habitat.  Within  or  imme¬ 
diately  adjacent  to  the  site  there  are  virtually  no  trees,  shrubs,  topographical  relief, 
significant  wetlands,  or  other  feature  that  could  produce  edge  conditions  or  represent 
uncommon  habitat.  Although  Wilson  Park,  which  borders  the  western  edge  of  the  site, 
may  eventually  be  landscaped  to  include  surface  water  and  a  variety  of  vegetation,  the 
ecological  characteristics  of  the  park  are  currently  identical  to  conations  at  the  Davis 
Site. 
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Small  mammals,  birds,  and  insects,  together  with  associated  predator  species,  are  the 
most  obvious  animal  components  of  the  site  community.  California  ground  squirrels, 
black-tailed  hares,  and  mice  are  common.  Raptors  (i.e.,  hawks,  owls,  and  harriers) 
were  observed  onsite,  and  there  was  evidence  of  mammalian  predators  (coyote  or  fox). 
Except  for  owls,  as  noted  below,  the  population  density  of  predators  is  likely  low 
because  of  the  relatively  low  prey  abundance  and  frequent  human  disturbance.  Simi¬ 
larly,  the  marginal  habitat  and  extensive  activity  associated  with  the  site  and  surround¬ 
ing  agricultural  lands  likely  preclude  the  presence  of  mammals  and  birds  (such  as  deer 
or  short-eared  owl)  intolerant  of  human  disturbance. 

However,  certain  ecological  resources  should  be  noted  in  the  planning  and  implementa¬ 
tion  of  remedial  action  at  the  site.  There  are  two  special-status  species  (threatened, 
endangered,  or  special  concern)  whose  range  and  general  habitat  requirements  are  met 
at  the  Davis  Site.  These  include  the  Swainson’s  hawk  and  the  burrowing  owl.  The 
ranges  of  other  special-status  species  include  the  Davis  Site,  but  because  of  non-con¬ 
taminant-related  site  conditions,  the  site  was  judged  not  capable  of  supporting  these 
species.  Swainson’s  hawk  has  several  known  breeding  locations  within  10  miles  of  the 
Davis  Site  (CNDDB,  1993),  so  it  is  likely  this  species  forages  over  the  area.  However, 
because  the  area  apparently  has  relatively  low  prey  density  and  is  subject  to  frequent 
human  disturbance,  the  site  is  most  likely  not  a  primary  feeding  area  for  the  Swainson’s 
hawk. 

In  contrast  to  the  special-status  Swainson’s  hawk,  the  burrowing  owl,  which  is  a 
California  Special  Concern  species,  is  common  within  the  Davis  Site.  More  than  a 
dozen  owls  were  observed  on  the  site  and,  because  both  juveniles  and  adults  were  seen, 
it  is  likely  that  they  are  successfully  breeding  in  the  area.  The  abundance  of  ground 
squirrel  burrows  (which  the  owls  use  for  cover  and  breeding),  lack  of  cultivation,  and 
the  birds’  tolerance  for  human  activity  most  likely  account  for  their  relatively  common 
presence. 

Two  small  areas  (in  combination  less  than  1  acre)  east  of  the  compound  accumulate 
seasonal  rainfall.  These  two  areas  do  not  exhibit  the  characteristics  of  vernal  pools, 
retain  water  for  significant  periods,  or  support  vegetation  characteristic  of  wetlands. 
Consequently,  they  do  not  represent  unique  resources  and  most  likely  do  not  qualify  as 
federally  protected  wetlands. 

The  closest  features  that  demonstrate  significant  ecological  variability  or  uniqueness  are 
Putah  Creek  and  its  associated  riparian  habitat.  The  creek  is  approximately  a  mile 
north  of  the  site  and  supports  extensive  emergent  vegetation,  trees,  and  shrubs.  The 
creek  and  corridor  represent  significant  habitat  and  variability  in  an  area  of  annual 
grassland  and  intense  cultivation.  The  Putah  Creek  system  is  too  distant  from  the 
Davis  Site  to  be  affected  by  it,  but  the  creek  could  be  a  factor  in  the  ecology  of  the  site 
by  supporting  animals  that  occasionally  use  the  site  for  migration  or  foraging. 
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2.2  Land  Uses 


The  Davis  Site  is  surrounded  on  three  sides  by  agricultural  land  devoted  to  a  variety  of 
crops,  including  row  tomatoes,  held  com,  and  alfalfa.  Wilson  Park  is  adjacent  to  the 
western  border  of  the  site.  This  320-acre  parcel  was  formerly  part  of  the  Global 
Communications  Site.  McClellan  AFB  ceded  the  parcel  to  Yolo  County  in  1973  for 
development  as  a  park.  Parts  of  Wilson  Park  are  now  leased  to  an  archery  club,  a 
horse  club,  and  a  dog-training  club.  The  remainder  of  the  park  is  grassland  (CH2M 
HILL,  1992).  Most  of  the  park  (170  acres)  will  remain  in  native  grasslands  and  oak 
trees.  One  reason  that  the  park  has  remained  largely  undeveloped  is  the  lack  of  a 
water  supply  for  irrigation  (CH2M  HILL,  1993c). 

The  only  apparent  residential  area  is  the  El  Macero  area,  which  is  bounded  by  Mace 
Boulevard  to  the  west  and  Interstate  80  to  the  north  and  is  located  approximately 
4  miles  to  the  northwest  of  the  Davis  Site.  The  Davis  Migrant  Center,  a  migrant  farm¬ 
worker  camp,  is  immediately  to  the  southeast  of  the  site  (approximately  one-half  mile 
from  the  main  compound)  at  the  intersection  of  Road  36  and  Road  105.  The  Migrant 
Center  reportedly  is  hydrologically  downgradient  of  the  Davis  Site  (FTC,  1992).  Aerial 
photography  indicates  that  structures  (possibly  including  residences)  are  located  imme¬ 
diately  to  the  southeast  and  south  of  Wilson  Park,  approximately  1,500  to  1,800  feet 
from  the  border  of  the  site. 

Yolo  County’s  General  Plan  promotes  the  conservation  and  preservation  of  agricultural 
land.  Residential  land  uses  in  agricultural  areas  are  limited  to  dwellings  for  the  preser¬ 
vation  of  the  family  farm  or  for  farm  employees  only,  with  population  densities  and 
locations  of  dwellings  limited  by  County  ordinances.  Yolo  County  may  prohibit  devel¬ 
opment  of  residential  land  uses  in  agriculturally-designated  parcels  (Yolo  County, 
1983).  Future  land  use  plans  for  the  Davis  Site  have  not  yet  been  specified  but  are 
expected  to  remain  unchanged. 
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Chapter  3 

Site  Characterization  Summary 


Three  site  investigations  have  been  performed  at  the  Davis  Site  since  1985.  In  addi¬ 
tion,  groundwater  has  been  sampled  quarterly  since  July  1992.  A  treatability  study  for 
petroleum-contaminated  soils  is  also  being  performed  at  the  site.  These  investigations 
are  briefly  summarized  in  this  chapter.  Data  collected  during  these  investigations,  and 
site  background  information  presented  in  Chapter  2  and  Appendix  B,  have  been  syn¬ 
thesized  in  a  site  conceptual  model. 

This  conceptual  model  describes  contaminant  sources  at  the  Davis  Site,  pathways  of 
contaminant  migration  from  those  sources,  and  receptors  (locations  of  human  or  wild¬ 
life  populations  that  could  potentially  become  exposed  to  contaminants  at  the  site). 
This  conceptual  model  was  the  basis  for  developing  scenarios  that  define  conditions 
under  which  exposures  could  potentially  occur,  and  for  estimating  the  potential  magni¬ 
tude  of  exposure.  A  more  detailed  description  of  the  site  conceptual  model  can  be 
found  in  Appendix  C,  Site  Conceptual  Model.  Appendix  C  also  presents  a  table  of 
investigative  activities  in  chronological  order,  on  a  "per  media"  basis  (soil,  groundwater, 
and  soil  gas,  in  that  order). 

Figures  3-la  through  3-ld  and  Figure  3-2  present  the  sampling  locations  fi’om  the  cur¬ 
rent  and  previous  investigations  of  the  site: 

•  Figures  3-la  and  3- lb  present  locations  related  to  soil  sampling  activities. 
These  include  soil  samples,  geophysical  borings,  soil  vapor  monitoring 
wells  (SVMWs)  where  soil  samples  were  collected,  and  soil  pile  samples. 

•  Figures  3-lc  and  3-ld  present  locations  related  to  groundwater  sampling 
activities.  These  include  groundwater  monitoring  wells.  Hydropunch 
samples,  and  extraction  wells. 

•  Figure  3-2  includes  locations  related  to  soil  gas  sampling  activities.  These 
include  shallow  soil  gas  samples  firom  both  CH2M  HIIX’s  and  FTC’s 
investigations,  SVMWs,  and  groundwater  monitoring  wells  where  soil  gas 
samples  were  collected. 

The  data  used  to  identify  contaminants  of  potential  concern  (COPCs)  and  estimate 
exposures  to  human  or  wildlife  populations  are  discussed  in  Chapters  4  and  5.  Further 
details  concerning  the  investigations  at  the  site  are  presented  in  the  RI/FS  report 
(CH2M  HILL,  1993a). 
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3.1  Summary  of  Previous  Investigations 


Ten  borings  drilled  by  J.  H.  Kleinfelder  and  Associates  in  1985  identified  soil  contami¬ 
nation  in  the  vicinity  of  three  underground  diesel-fuel  tanks.  The  tanks  were  exposed, 
and  damage  to  at  least  one  tank  and  associated  piping  was  evident.  The  tanks  were 
then  drained  and  covered  with  clean  fill  dirt  and  were  finally  removed  in  1988. 

In  1987  an  investigation  performed  by  ITC  confirmed  the  presence  of  hydrocarbon 
contamination  in  the  vicinity  of  the  storage  tanks  to  a  depth  of  55  feet  below  ground 
surface  (bgs)  and  determined  that  the  groundwater  beneath  the  site  had  been  contami¬ 
nated  with  VOCs.  In  subsequent  investigations  by  ITC,  trichloroethene  (TCE)  and 
tetrachloroethene  (PCE)  were  detected  in  soil  gas  to  depths  of  10  feet  and  in  ground- 
water  as  deep  as  1 18  feet  bgs. 


3.2  Summary  of  Current  Investigations 

CH2M  HILL  has  conducted  field  investigation  activities  since  June  1992,  including  the 
following; 

•  Seventy-one  shallow  soil  gas  samples  were  collected  at  depths  ranging 
from  5  to  20  feet  bgs  to  assist  in  the  location  of  soil  vapor  monitoring 
wells. 

•  Six  cone  penetrometer  test  (CPT)  soundings  were  advanced  in  November 

1992  to  investigate  site  stratigraphy. 

•  Five  SVMWs  and  adjacent  piezometers  were  installed  in  November  1992 
to  investigate  the  vadose  zone  contaminant  and  hydrogeologic  properties. 

•  SVMWs  were  sampled  for  VOCs,  and  air  permeability  tests  were  per¬ 
formed  to  provide  estimates  of  hydraulic  conductivity  in  the  vadose  zone. 

•  Four  groundwater  extraction  wells  were  installed  in  April  and  May  1993 
to  capture  contaminated  groimdwater  bom  the  B  and  C  aquifers. 

•  In  May  and  June  1993,  seven  new  groundwater  monitoring  wells  and  two 
groundwater  piezometers  were  installed  to  aid  in  estimating  the  nature 
and  extent  of  groundwater  contamination. 

•  Short-duration  pump  tests  were  performed  during  well  development  to 
estimate  aquifer  properties. 

•  Two  CPT  soundings  were  advanced,  and  a  test  hole  was  drilled  in  April 

1993  to  provide  guidance  for  locating  a  proposed  injection  well.  Core 
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sampling,  geophysical  logging,  and  abandonment  of  the  test  hole  occurred 
in  June  1993. 

•  Existing  soil  piles  were  sampled  for  petroleum  hydrocarbons. 

•  Aquifer  testing  was  conducted  in  Augu>  1992  and  January  1993. 

•  Groundwater  levels  were  measured  biweekly  during  1992  and  monthly 
during  1993. 

Other  field  activities  at  the  Davis  Site  are  being  conducted  by  Radian  Corporation, 
Engineering-Science  Incorporated  (ESI),  and  ITC.  Radian  is  responsible  for 
groundwater  sampling  ft'om  the  monitoring  wells  onsite.  This  sampling  has  been 
performed  on  a  quarterly  basis  since  July  1992.  ESI  is  perfor-ning  a  treatability  study 
using  in  situ  bioventing  to  remediate  hycfiocarbon  contamination.  ITC  is  evaluating  an 
innovative  technolo©r  involving  drilling  a  horizontal  well  for  use  in  groundwater 
extraction. 


33  Conceptual  Model 

Contaminants  detected  at  the  site  consist  principally  of  diesel-range  petroleum  hydro¬ 
carbons  and  low-molecular  weight  polynuclear  aromatic  hydrocarbons  (PNAs)  in  soil, 
aromatic  and  chlorinated  VOCs  in  soil  gas,  and  chlorinated  VOCs  in  groundwater. 
Figure  3-3  depicts  the  conceptual  model  of  sources  and  contaminant  migration  path¬ 
ways  for  the  Davis  Site.  Figure  3-4  presents  the  potential  exposure  pathways  and 
receptor  populations. 

3J.1  Petroleum  Hydrocarbon  Contamination  in  Soil 

Petroleum  hydrocarbon  contamination  was  detected  in  soil  samples  fi-om  30  to  65  feet 
bgs.  The  contamination  is  found  mainly  at  the  interface  of  a  silty  sand  layer  and  a  clay 
layer  at  a  depth  of  30  to  40  feet  bgs,  which  represents  approximate  mean  annual  high 
groundwater  depth.  A  second  slug  of  contamination  is  found  around  60  feet  bgs  in 
lean  clay.  This  appears  to  correspond  to  the  depth  of  low  annual  groundwater. 
Because  the  petroleum  hydrocarbons  float  on  the  groundwater  surface,  contaminant 
distribution  at  these  depths  may  represent  deposition  for  the  hydrocarbons  in  soil 
related  to  groundwater  levels.  Petroleum  hydrocarbon  constituents  would  not  be  likely 
to  migrate  readily  ft'om  the  locations  where  they  were  initially  deposited  in  soil  (USAF, 
1989). 

Two  soil  piles  at  the  site  are  believed  to  have  been  generated  during  removal  of  the 
underground  tanks.  However,  the  actual  source  of  the  soil  is  unknown.  Additional 
material  such  as  construction  debris  has  been  added  to  the  piles  ftom  other  sources. 
The  soil  piles  potentially  serve  as  shelter  and  nesting  sites  for  burrowing  owls. 


RDD10012A21.WP5 


3-8 


designated  as  a  Species  of  Special  Concern  by  the  California  Department  of  Fish  and 
Game  (CDFG).  Therefore,  petroleum  hydrocarbon  contamination  detected  in  the  soil 
piles  was  evaluated  in  the  ecological  risk  assessment  for  the  Davis  Site. 

3.3.2  VOCs  in  Soil  Gas 

Soil  gas  samples  have  been  collected  inside  the  main  compound  area  and  outside  the 
perimeter  fence  surrounding  the  facility.  Sampling  depths  have  ranged  from  5  to 
40  feet  bgs  in  areas  where  soil  gas  contaminants  have  been  detected  in  previous  investi¬ 
gations  and  near  former  underground  diesel  storage  tanks.  To  evaluate  potential  expo¬ 
sures  to  onsite  workers,  four  samples  from  a  depth  of  5  feet  were  collected  around 
Building  4708. 

Mass  estimates  based  on  the  soil  gas  data  indicate  that  the  total  estimated  mass  of 
contamination  present  in  the  vadose  zone  is  45  kilograms,  with  PCE  accounting  for 
more  than  90  percent  of  the  vadose  zone  mass.  Approximately  45  percent  of  the  con¬ 
taminant  mass  estimated  for  the  vadose  zone  is  found  between  26  and  40  feet  bgs. 
VOCs  in  the  vadose  zone  can  migrate  by  leaching,  or  by  volatilization  followed  by  gas¬ 
eous  diffusion,  or  they  can  undergo  degradation.  Volatilization  of  VOCs  from  the  soil 
surface  to  the  air  is  a  potential  source  of  inhalation  exposures,  which  was  evaluated  in 
the  RA.  Vadose  zone  modeling  results  indicate  that  the  mass  of  PCE  contamination 
now  present  in  the  vadose  zone  is  potentially  a  significant  long-term  threat  to  the 
groundwater  quality  beneath  the  Davis  Site. 

3  VOCs  in  Groundwater 

Dissolved  contaminant  mass  in  groundwater  appears  to  be  migrating  downward  to  the 
lower  aquifers  (C  and  D  aquifers)  and  laterally  to  the  south.  Highest  groundwater  flow 
velocities  are  reported  to  be  approximately  5  feet  per  day  to  the  south.  The  receptor 
wells  closest  to  the  site  are  located  at  the  Davis  Migrant  Center,  located  one-half  mile 
(approximately  2,600  feet)  from  the  main  compound  area.  Available  information  indi¬ 
cates  that  the  wells  at  the  Davis  Migrant  Center  have  not  been  sampled  for  VOCs 
(Taniguchi,  1993).  Though  PCE  represents  90  percent  of  the  contaminant  mass  in  the 
vadose  zone,  TCE  is  the  most  prevalent  contaminant  in  groundwater.  This  finding  is 
probably  the  result  of  the  higher  soil  organic  carbon  constant  (k^^)  and  lower  solubility 
of  PCE  and  the  biodegradation  of  PCE  to  TCE,  which  is  more  mobile  in  soil. 

The  site  production  well,  located  northwest  of  Building  4708,  is  screened  in  both  the  C 
and  D  aquifers  and  has  been  sampled  by  McClellan  AFB  since  1986.  Concentrations 
of  PCE  and  TCE  have  been  detected  in  this  well,  with  levels  remaining  fairly  constant 
throughout  1986  and  1987.  Beginning  in  the  fall  of  1987,  seasonal  variations  were 
observed,  with  concentrations  rising  in  fall  and  winter  months,  and  falling  during  spring 
and  summer.  This  variation  appears  to  be  related  to  the  pumping  of  offsite  irrigation 
wells.  During  fall  and  winter  when  pumping  for  irrigation  is  low,  the  concentration 
gradient  appears  directed  toward  the  production  well.  During  spring  and  summer  when 
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pumping  for  irrigation  is  at  a  maximum,  contaminant  concentrations  appear  to  be 
drawn  away  from  the  production  well  (ITC,  1992).  VOCs  in  groundwater  used  for 
irrigation  are  not  likely  to  be  accumulated  into  crops  due  to  their  low  octanol-water 
partition  coefficient  (k^^). 

Other  notable  contaminants  detected  in  the  production  well  include  trihalomethanes 
(chloroform,  bromoform,  chlorodibromomethane,  and  bromodichloromethane)  and, 
beginning  in  1991,  ethylene  dibromide  (EDB).  Water  from  the  production  well  and 
samples  typically  are  drawn  prior  to  the  point  of  chlorination.  Trihalomethanes  are 
formed  from  the  reaction  of  chlorine  with  dissolved  organic  matter  in  water,  suggesting 
that  some  samples  had  been  drawn  from  already  chlorinated  water.  EDB  has  been 
detected  in  groundwater  most  likely  because  of  its  use  as  an  agricultural  fumigant. 
EDB  has  been  used  as  an  additive  in  leaded  gasoline.  However,  historical  information 
indicates  that  diesel  has  been  the  only  petroleum  product  stored  at  the  site.  Detected 
EDB  in  the  production  well  is  mostly  likely  unrelated  to  activities  at  the  Davis  Site. 
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Chapter  4 

HUMAN  HEALTH  RISK  ASSESSMENT 


Chapter  4 

Human  Health  Risk  Assessment 


One  specific  objective  of  the  human  health  risk  assessment  is  to  analyze  baseline  risks 
and  determine  the  need  for  action  at  the  Davis  Site.  Baseline  risks  are  those  that 
might  exist  if  no  remediation  or  institutional  controls  were  applied  to  the  site  (U.S. 
EPA,  1989a).  This  chapter  presents  a  summary  of  the  approach  used  in  preparing  the 
human  health  risk  assessment  and  the  results  of  this  assessment.  More  details  regard¬ 
ing  assumptions,  data  interpretations,  models,  and  calculations  used  in  the  RA  are 
presented  in  the  appendixes  as  a  series  of  technical  memorandums.  The  components 
of  the  human  health  risk  assessment,  along  with  the  technical  memorandums  where 
more  detailed  information  can  be  found,  are: 

•  Identification  of  the  contaminants  of  potential  concern  (COPCs)  (Appen¬ 
dix  D,  Human  Health  Contaminants  of  Potential  Concern) 

•  Exposure  assessment  (Appendix  F,  Air  Pathway  Analysis,  and  Appendix 
G,  Exposure  Assessment  for  Human  Health  Risk  Assessment) 

•  Toxicity  assessment  (Appendix  E,  Toxicity  Assessment  for  the  Human 
Health  Risk  Assessment) 

•  Risk  characterization 

The  numerical  estimates  of  human  health  risk  upon  which  the  risk  characterization  is 
based  appear  in  summary  tables  in  Appendix  A,  Human  Health  Risk  Assessment  Sum¬ 
mary  Tables. 


4.1  Identiflcation  of  Contaminants  of  Potential  Concern 

The  first  step  in  the  human  health  risk  assessment  was  the  identification  and  selection 
for  inclusion  into  the  risk  assessment  of  those  contaminants  of  greatest  potential  health 
concern  (i.e.,  the  contaminants  that  are  most  toxic,  mobile,  persistent,  and/or  prevalent 
of  those  detected  at  the  Davis  Site)  from  among  the  entire  set  of  contaminants  associ¬ 
ated  with  the  site.  Identifying  the  COPCs  serves  to  focus  the  RA  on  the  most  impor¬ 
tant  contaminants  (i.e.,  those  presenting  99  percent  of  the  total  risk)  detected  at  the 
site. 

Factors  considered  in  selecting  COPCs  for  the  RA  (U.S.  EPA,  1989a)  are: 

•  Evaluation  of  the  analytical  methods 

•  Evaluation  of  data  quality  with  respect  to  sample  quantitation  limits 
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•  Evaluation  of  data  quality  with  respect  to  qualifiers  and  codes 

•  Evaluation  of  data  quality  with  respect  to  blanks 

•  Evaluation  of  tentatively  identified  contaminants 

•  Comparison  of  potential  site-related  contaminants  with  background  (pri¬ 
marily  for  inorganic  contaminants) 

Evaluation  of  data  for  the  risk  assessment  was  based  on  the  EPA  Guidance  for  Data 
Usability  in  Risk  Assessment  (U.S.  EPA,  1992c).  Several  of  these  factors  were  addressed 
before  the  RA  for  the  Davis  Site  was  begun.  Analytical  methods  and  sample  quantita¬ 
tion  limits  used  in  the  various  site  investigations  have  been  specified  in  work  plans 
approved  by  the  appropriate  regulatory  agencies  (CH2M  HILL,  1992;  Radian,  1992). 
Prior  to  use  in  the  RA,  data  underwent  validation  with  respect  to  qualifiers,  codes,  and 
blanks;  data  not  meeting  data  quality  objectives  specified  in  the  approved  work  plans 
were  rejected.  Tentatively  identified  contaminants  consisted  of  total  petroleum  hydro¬ 
carbons  (TPH)  and  diesel-range  hydrocarbons,  analyzed  by  EPA  Method  418.1  and 
Modified  Method  8015,  respectively,  and  these  results  were  used  as-is  in  the  RA.  Site- 
related  contaminants  were  not  compared  with  background  in  this  RA.  Generally, 
contaminants  consisted  of  those  with  no  appreciable  natural  background  concentrations 
(such  as  chlorinated  VOCs  in  groundwater). 

Concentrations  of  metals  detected  in  soil  were  evaluated  by  comparison  with 
background  levels  published  in  the  literature.  Summary  statistics  of  the  metals 
concentrations  detected  in  soil  at  the  Davis  Site  and  elemental  background  data  are 
presented  in  Appendix  C.  Background  data  were  not  available  fi’om  these  sources  for 
antimony,  cad^um,  hexavalent  chromium,  thallium,  and  silver.  Other  literature 
sources,  discussed  further  in  Appendix  C,  were  used  to  evaluate  concentrations  of  these 
metals  detected  in  soil  at  the  Davis  Site. 

Concentrations  of  metals  detected  in  soil  at  the  Davis  Site  fell  within  a  defined 
geochemical  baseline  level  (Severson,  et  al.,  1987)  or  within  the  range  of  observed 
concentrations  in  western  U.S.  soils  (Shacklette  and  Boergnan,  1984),  with  the 
exception  of  antimony,  cadmium,  and  thallium.  Metals  with  concentrations  that  fell 
within  these  background  levels  were  excluded  as  contaminants  of  potential  concern  in 
the  risk  assessment.  Antimony,  cadmium,  and  thallium  are  discussed  below  in  further 
detail.  Concentrations  of  hexavalent  chromium  reported  in  soil  are  likely  to  have  been 
laboratory  artifacts,  as  discussed  in  Appendix  C,  and  also  were  excluded  as 
contaminants  of  potential  concern. 

Based  on  direct  comparison  of  Davis  Site  data  with  numerical  values  published  for 
background  concentrations,  antimony,  cadmium,  and  thallium  could  be  considered 
elevated  in  soil  at  the  Davis  Site,  and  therefore  could  be  included  as  contaminants  of 
potential  concern  in  the  risk  assessment.  However,  as  discussed  in  Appendix  D, 
activities  typically  responsible  for  elevated  levels  of  these  metals  in  soil  are  unlikely  to 
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have  occurred  at  the  Davis  Site.  Based  on  the  evaluations  presented  in  Appendixes  C 
and  D,  these  metals  were  excluded  as  contaminants  of  pontential  concern. 

Table  4-1  lists  the  COPCs  detected  in  soil,  soil  gas,  and  groundwater  samples.  The 
rationale  for  selection  of  these  contaminants  for  incliision  in  the  RA  is  presented  in 
Appendix  D,  Contaminants  of  Potential  Concern  to  Human  Health. 


4.2  Exposure  Assessment 

Exposure  refers  to  the  potential  contact  of  an  individual  with  a  contaminant.  Exposure 
assessment  is  the  estimation  of  the  magnitude,  frequency,  duration,  and  routes  of  expo¬ 
sure  to  a  contaminant.  Human  exposure  to  contaminants  is  typically  evaluated  by  esti¬ 
mating  the  amoimt  of  a  contaminant  that  could  come  into  contact  with  the  lungs,  gas¬ 
trointestinal  tract,  or  skin  during  a  specified  period  of  time.  This  exposure  assessment 
is  based  on  scenarios  that  define  human  populations  potentially  exposed  to  COPCs 
originating  from  the  site.  The  potential  pathways  of  exposure,  frequency  and  duration 
of  potential  exposures,  rates  of  contact  with  air,  water,  and  soil  and  the  concentrations 
of  contaminants  in  air,  grovmdwater,  or  soil  are  evaluated  in  the  assessment  of  human 
intake  of  COPCs.  Contaminant  intakes  and  associated  risks  have  been  quantified  for 
all  exposure  pathways  considered  potentially  complete.  This  section  describes  the 
assumptions,  data,  and  methods  used  to  evaluate  the  potential  for  human  exposure  to 
COPCs  originating  from  the  Davis  Site.  That  evaluation  involves  the  following  steps; 

•  Identification  of  potentially  exposed  populations 

•  Identification  of  potential  exposure  pathways  and  selection  of  complete 

exposure  pathways 

•  Evaluation  of  the  environmental  fate  and  transport  of  contaminants  in 
soil  and  groundwater 

•  Development  of  exposure  scenarios 

•  Estimation  of  exposure  point  concentrations  used  to  quantify  contaminant 

intakes 

•  Quantification  of  contaminant  intakes  for  each  exposure  pathway 

Exposure  scenarios  form  the  basis  for  estimating  human  exposures  to  contaminants 
detected  at  the  Davis  Site.  An  exposure  scenario  considers  the  sources  of  the  contami¬ 
nant  substances  that  could  come  into  contact  with  the  subject  population.  Exposure 
prediction  models  based  on  the  fate  and  transport  of  the  contaminant  substances  are 
then  used  to  evaluate  the  pathways  from  the  sources  to  the  subject  population.  Gener¬ 
ally,  these  were  relatively  simple  models  combining  multiplicative  factors  that 
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predict  an  individual’s  exposure  as  a  function  of  several  input  variables  (such  as  body 
weight,  inhalation  rate,  and  exposure  frequency),  in  accordance  with  EPA  guidance. 

The  exposure  scenarios  for  this  RA  were  based  on  an  estimate  of  the  reasonable  maxi¬ 
mum  exposure  (RME).  The  RME  is  defined  as  the  highest  exposure  that  is  reasonably 
expected  to  occur  at  a  site.  RMEs  are  estimated  for  individual  exposure  pathways.  If 
a  population  is  exposed  via  more  than  one  pathway,  the  combination  of  exposures 
across  pathways  must  also  represent  an  RME.  The  intent  of  the  RME  is  to  develop  a 
conservative  estimate  of  exposure  (i.e.,  well  above  the  average  case)  that  is  still  within 
the  range  of  possible  exposures  (U.S.  EPA,  1989a).  Specific  factors  in  the  RME  expo¬ 
sure  scenario  included  the  90  or  95  percentile  values  for  input  variables  such  as  inhala¬ 
tion  rate,  exposure  frequency  and  exposure  duration,  and  exposure  concentrations 
based  on  the  upper  95  percent  confidence  limit  (UCL)  of  mean  concentrations  or  the 
highest  concentrations  detected  at  the  site  (U.S.  EPA,  1989b). 

4.2.1  Potential  Exposure  Scenarios 

The  exposure  scenarios  evaluated  in  the  risk  assessment  are  presented  in  Table  4-2. 
The  exposure  scenarios  are  identified  by  receptor,  as  follows: 

•  Onsite  worker,  outdoors -a  worker  at  the  site  responsible  for  work  activi¬ 
ties  located  largely  outdoors 

•  Onsite  worker,  excavation  -a  construction  worker  performing  work  onsite 
(such  as  installation  of  subsurface  utilities)  that  requires  excavation  of  soil 

•  Onsite  worker,  indoors  (Building  4708)— a  worker  responsible  for  work 
activities  located  primarily  in  the  main  building  at  the  site 

•  Hypothetical  future  resident— a  mission  change  at  the  site  in  which  the 
site  is  developed  for  agricultural  use  and  a  farm  residence  is  placed 
onsite 

Note  that  in  most  cases  multiple  exposure  pathways  are  associated  with  a  scenario. 
Health  risks  for  each  scenario  were  aggregated  across  the  exposure  scenarios  identified 
in  Table  4-2.  The  development  of  these  exposure  scenarios  is  described  in  Appen¬ 
dix  G,  Exposure  Assessment  for  the  Human  Health  Risk  Assessment. 

4.2.2  Air  Pathway  Analysis 

VOCs  detected  in  soil  gas  or  groundwater  at  the  Davis  Site  can  volatilize  into  air, 
potentially  resulting  in  inhalation  exposures.  The  potential  magnitude  of  VCXZ  concen¬ 
trations  in  air  from  soil  gas  or  groundwater  was  evaluated  in  Appendix  F,  Air  Pathway 
Analysis.  The  following  two  air  exposure  pathways  were  evaluated  in  the  RA: 
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•  Inhalation  exposures  of  outdoor  workers  to  VOC  emissions  from  soil  gas, 
and  VOCs  volatilized  from  production  well  water  used  for  sprinkler 
irrigation 

•  Inhalation  exposures  of  workers  in  Building  4708  to  VOCs  migrating 
indoors  from  soil  gas 

Shallow  soil  gas  sampling  and  sampling  from  SVMWs  performed  in  1992  by  CH2M 
HILL  provided  the  data  used  to  evaluate  potential  inhalation  exposures  of  outdoor 
workers.  Concentrations  detected  in  soil  gas  were  converted  to  VOC  emissions  from 
the  soil  surface  using  simple  models  that  relate  concentration  in  soil  gas,  diffusion 
coefficient  in  air,  soil  porosity,  and  depth  in  soil  to  surface  emissions.  Monthly  water 
use  rates  and  sampling  data  from  the  production  well  were  used  to  estimate  potential 
inhalation  exposures  associated  with  sprinkler  irrigation.  VOC  concentrations  in  water 
were  converted  to  emission  rates  in  air  using  a  default  factor  expressing  the  water-to-air 
transfer  efficiency.  Concentrations  in  both  outdoor  and  indoor  air  were  estimated  using 
box  modeling  techniques  where  concentration  in  air  within  a  defined  box  is  propor¬ 
tional  to  the  emission  rate  and  wind  speed  across  the  source  area  (or  ventilation  rate  in 
a  building).  The  emissions  estimation  and  box  modeling  methodologies,  and  detailed 
calculations  are  presented  in  Appendix  F. 

4.2J  Quantification  of  Contaminant  Intake 

The  intakes  calculated  in  this  section  are  expressed  as  the  amount  of  contaminant  at 
the  exchange  boundary  (i.e.,  skin,^  lungs,  or  gastrointestinal  tract)  and  available  for 
absorption.  Estimates  of  contaminant  intakes  based  on  RME  scenarios  are  presented 
in  this  section.  Contaminant  intakes  were  estimated  for  both  adults  and  children  and 
for  both  current  and  potential  future  land  use.  Calculations  and  input  parameters  used 
for  estimating  intake  rates  through  the  inhalation,  soil  ingestion,  groundwater  ingestion, 
and  dermal  contact  with  soil  and  groundwater  pathways  were  obtained  from  EPA  (U.S. 
EPA,  1989a;  1990;  1991a).  The  calculated  intake  rates  are  combined  with  toxicity  cri¬ 
teria  values  (discussed  in  Section  4.3)  in  order  to  characterize  potential  health  risks. 

The  calculations  used  to  estimate  exposure  or  intake  from  contact  with  contaminants  in 
soil  have  the  same  general  components:  (1)  a  variable  representing  contaminant  con¬ 
centration,  (2)  variables  describing  the  characteristics  of  the  exposed  population,  and 
(3)  a  variable  that  defines  the  time  frame  over  which  exposure  occurs.  The  general 
mathematical  relationship  between  these  variables  and  contaminant  intake  in  htunans 
is: 

Where: 


^In  keeping  with  EPA  guidance,  intake  for  dermal  exposure  pathways  is  estimated  in  terms  of  absorbed 
dose  and  not  quantity  of  contaminant  at  the  exchange  boundaiy. 
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I  =  Intake  (mg/kg-day) 

C  =  Average  concentration  in  the  contaminated  medium  contacted  over  the 

exposure  period  (either  mg/kg,  mg/1  or  mg/m^) 

CR  =  Contact  rate;  the  quantity  of  contaminated  medium  contacted  per  unit 
time  (e.g.,  mg/day) 

EF  =  Exposure  frequency  (days/^ear) 

ED  =  Exposure  duration  (years) 

AT  =  Averaging  time;  period  over  which  exposure  is  averaged  (days) 

BW  =  Body  weight  (kg) 

The  calculated  intake  rates  are  combined  with  toxicity  criteria  values  (discussed  in  Sec¬ 
tion  4.3)  in  order  to  characterize  potential  health  risla. 


4  J  Toxicity  Assessment 

The  toxicity  assessment  determines  the  relationship  between  the  magnitude  of  exposure 
to  a  contaminant  and  the  adverse  health  effects.  Where  possible,  this  assessment  pro¬ 
vides  a  numerical  estimate  of  the  increased  likelihood  and/or  severity  of  adverse  effects 
associated  with  contaminant  exposure  (U.S.  EPA,  1989a). 

For  purposes  of  the  toxicity  assessment,  the  COPCs  have  been  classified  into  two  broad 
categories;  carcinogens  and  noncarcinogens.  This  classification  has  been  selected 
because  health  risks  are  calculated  quite  differently  for  carcinogenic  and  noncarcino- 
genic  effects,  and  separate  toxicity  values  have  been  developed  for  carcinogenic  and 
noncarcinogenic  effects.  These  toxicity  values  represent  the  potential  magnitude  of 
adverse  health  effects  associated  with  exposure  to  contaminants,  and  are  developed  by 
EPA  and  the  Department  of  Toxic  Substances  Control  (DTSC).  Toxicity  studies  with 
laboratory  animals  or  epidemiological  studies  of  human  populations  provided  the  data 
used  to  develop  these  toxicity  values.  These  values  represent  allowable  levels  of  expo¬ 
sure  based  upon  the  results  of  toxicity  studies  or  epidemiological  studies.  In  the  risk 
characterization  process,  the  toxicity  values  were  then  combined  with  the  exposure 
estimates  (developed  in  Appendix  G,  Exposure  Assessment  for  Human  Health  Risk 
Assessment)  to  estimate  averse  effects  from  contaminants  potentially  originating  from 
the  Davis  Site. 
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Noncarcinogenic  effects  were  evaluated  using  either  reference  doses  (RfDs)  or  refer¬ 
ence  concentrations  (RfGs),  developed  by  EPA.  The  RfD  is  a  health-based  criterion, 
expressed  as  contaminant  intake  rate  in  units  of  mg/kg-day,  used  in  evaluating  noncar¬ 
cinogenic  effects.  Unless  evidence  to  the  contrary  exists,  if  a  carcinogenic  response 
occurs  at  the  exposure  levels  studied  (typically  high  doses),  it  is  assumed  that  responses 
will  occur  at  all  lower  doses.  Exposure  to  any  level  of  a  carcinogen  is  then  considered 
to  have  a  finite  risk  of  inducing  cancer.  Estimates  of  cancer  are  calculated  using  slope 
factors  (SFs),  which  defines  the  cancer  risk  due  to  lifetime  exposure  to  a  carcinogen  (in 
units  of  risk  per  mg/kg/day). 

The  toxicity  values  used  to  characterize  health  risks  are  presented  in  Appendix  E,  Tox¬ 
icity  Assessment  for  the  Human  Health  Risk  Assessment.  The  characterization  of 
health  risks  for  COPCs  at  the  Davis  si*e  is  presented  in  Section  4.4. 


4.4  Risk  Characterization 

Risk  characterization  involves  estimating  the  magnitude  or  probability  of  potential 
adverse  health  effects  under  study.  This  is  accomphshed  by  combining  the  results  of 
the  dose-response  and  exposure  assessments  to  provide  numerical  estimates  of  poten¬ 
tial  health  effects.  These  values  represent  comparisons  of  exposure  levels  with  appro¬ 
priate  RfDs  and  estimates  of  excess  cancer  risk.  Risk  characterization  also  considers  the 
nature  and  weight  of  evidence  supporting  these  estimates,  as  well  as  the  magnitude  of 
uncertainty  surrounding  them. 

Although  the  risk  assessment  produces  numerical  estimates  of  risk,  these  numbers  do 
not  predict  actual  health  outcomes.  The  estimates  are  calculated  to  overestimate  risk, 
and  thus  any  actual  risks  are  likely  to  be  lower  than  these  estimates,  and  may  even  be 
zero. 

The  numerical  risk  estimates  are  presented  in  Table  4-3.  Appendix  A  contains  sum¬ 
mary  tables  showing  the  numerical  risk  estimates  for  each  COPC  in  each  exposure 
scenario.  Generally,  EPA  considers  action  to  be  warranted  at  a  site  when  cancer  risks 
exceed  1  x  10^.  The  need  for  action  for  risks  falling  within  1  x  10"^  to  1  x  10^  is  judged 
on  a  case-by-case  basis  (unless  ARARs  are  exceeded  or  adverse  ecological  effects  are 
associated  with  the  site).  Risks  less  than  1  x  10"^  generally  are  not  of  concern  to  regu¬ 
latory  agencies.  A  hazard  index  (the  ratio  of  contaminant  intake  to  the  RfD)  greater 
than  one  indicates  some  potential  for  adverse  noncancer  health  effects  associated  with 
exposure  to  the  contaminants  of  concern  (U.S.  EPA,  1991c). 

Table  4-3  shows  that  exposures  to  noncarcinogenic  contaminants  are  below  regulatory 
concern  in  all  scenarios  except  hypothetical  future  residential  use.  Estimated  cancer 
risks  associated  with  inhalation  of  VOCs  emitted  from  soil  by  workers  outdoors  and 
direct  contact  with  contaminants  in  soil  also  are  below  regulatory  concern.  Figure  4-1 
presents  the  contributions  of  individual  carcinogens  to  inhalation  risks  of  outdoor 
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workers  and  shows  that  PCE  emitted  from  soil  provides  the  largest  contribution  to  total 
risk. 

For  indoor  workers,  the  contribution  of  individual  carcinogens  to  total  cancer  risk  is 
important  in  understanding  the  nature  of  risks  posed  by  the  site  and  the  uncertainties 
in  those  risk  estimates.  Figure  4-2  presents  the  contributions  of  individual  carcinogens 
to  total  risk  of  indoor  workers.  This  figure  shows  that  cancer  risks  in  this  scenario  are 
driven  by  the  presence  of  trihalomethanes  (THMs)  and  EDB  in  production  well  water. 
THMs  detected  in  the  production  well  are  bromodichloromethane,  bromoform,  chloro- 
dibromomethane,  and  chloroform.  More  than  80  percent  of  the  total  risk  in  this  sce¬ 
nario  is  associated  with  these  compounds. 

THMs  were  detected  consistently  in  samples  collected  at  the  production  well  between 
November  1986  and  September  1988.  THMs  are  formed  from  the  reaction  of  dis¬ 
solved  organic  matter  and  chlorine  during  the  chlorination  of  water.  The  absence  of 
THMs  during  other  sampling  periods  may  reflect  a  change  in  sampling  method  in 
which  samples  are  collected  prior  to  the  point  of  chlorination.  Therefore,  it  is  possible 
that  these  contaminants,  although  not  in  groundwater,  may  be  present  at  the  point  of 
use  and  potentially  represent  sources  of  human  exposure.  EDB  has  been  detected  in 
the  two  most  recent  sampling  rounds,  in  September  1991  and  October  1992.  EDB 
formerly  was  used  as  a  lead  scavenger  in  antiknock  gasoline  and  as  an  agricultural  soil 
fumigant.  As  discussed  in  Section  3.3.3,  EDB  in  groundwater  is  probably  unrelated  to 
activities  at  the  Davis  Site. 

The  contributions  to  total  risks  for  the  hypothetical  future  resident  scenario  are  shown 
in  Figure  4-3.  Figure  4-3  shows  that  PCE  in  groundwater  provides  the  largest  contribu¬ 
tion  to  total  risk  in  this  scenario.  In  evaluating  the  significance  of  this  risk  estimate,  it 
must  be  stressed  that  there  is  no  current  pathway  of  exposure  to  residents  from  con¬ 
taminants  in  drinking  water,  based  on  the  available  information  and  that  this  scenario 
assumed  use  of  untreated  water.  However,  groundwater  supplies  some  drinking  water 
needs  in  Yolo  County,  and  there  could  be  health  risk  concerns  should  groimdwater  at 
the  Davis  Site  be  developed  as  a  residential  supply  in  the  future.  In  this  light,  it  is 
notable  that  PCE  and  TCE  concentrations  in  several  samples  of  groimdwater  from  the 
Davis  Site  exceed  drinking  water  standards. 

The  hazard  index  for  contaminants  in  soil  (principally  associated  with  petroleum 
hydrocarbons)  exceeded  1.0,  suggesting  that  there  is  some  potential  for  noncancer 
adverse  health  effects  associated  with  petroleum  hydrocarbon  contaminants  in  soil.  The 
contaminants  are  found  principally  in  subsurface  soil,  and  there  would  be  very  little 
potential  for  exposure  unless  the  soil  were  excavated.  However,  if  the  site  were  to  be 
developed  for  residential  use,  these  results  suggest  the  need  for  further  evaluation  of 
areas  with  TPH  concentrations  exceeding  1,200  mg/kg  in  soil. 


RDD10012A22.WP5 


4-12 


Cancer  Risk 


2E-05 


1.5E-05 


1E>05 


5E-06 


BDCM 


CHBrS 


COBM 

CHOa 

EDB 


Inhalation  • 
Grewidwatar 


Darmal  Contact  • 
Groundwatar 


’^^'05 


Inhalation  •  Soil  Gaa 


BENZ 


FIGURE  4-2 

CONTRIBUTION  TO  TOTAL  CANCER  RISK  - 
INDOOR  WORKER  INHALATION 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY.  CALIFORNIA 


OmHIlL 


CANCER  RISK 


5.00E-03 


4.00E-03 


3.00E-03 


2.00E-03 


1.00E-03 


O.OOE-^00 


Demwl  Contact  with  Soi 


Qroundwatar  -  Oennai  Contact 


R001413_12 
SOSSRA 


RQURE  4-3 

CONTRIBUTION  TO  TOTAL  CANCER  RISK 
HYPOTHETICAL  FUTURE  RESIDENT 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY.  CAUFORNIA 


4.5  Uncertainties 


An  important  component  of  the  RA  process  is  the  discussion  of  the  uncertainties  asso¬ 
ciated  with  the  assumptions  and  methodologies  employed  in  the  analysis.  Some  level  of 
uncertainty  is  introduced  each  time  an  assumption  is  made.  The  aggregation  of  several 
assumptions  also  magnifies  the  uncertainties  in  the  numerical  risk  estimates.  Sources  of 
uncertainties  in  the  exposure  assessment  include  (1)  assumptions  as  to  what  constituted 
complete  exposure  pathways,  based  on  the  site  setting;  (2)  applicability  of  the  models, 
data  interpretations,  and  sampling  and  analytical  data  used  to  estimate  exposure  con¬ 
centrations;  and  (3)  the  transport,  fate,  and  intake  parameters  used  to  estimate  expo¬ 
sure  concentrations  and  intake  rates.  Most  often,  the  sampling  and  analytical  data  and 
the  toxicity  assessment  provide  the  largest  contributions  to  overall  uncertainty  in  the 
RA.  Sources  of  uncertainties  in  the  toxicity  assessment  include  those  associated  with 
extrapolation  of  adverse  effects  from  laboratory  animals  to  humans  and  from  high 
levels  of  exposure  to  low  levels. 

Several  exposure  pathways  assumed  to  be  complete  in  the  RA  actually  may  not  be 
complete,  based  on  consideration  of  the  site  setting.  For  example,  risks  have  been 
calculated  assuming  future  residential  use  of  the  site  in  the  event  of  a  mission  change. 
However,  the  likelihood  of  residential  use  in  the  future  is  negligible,  based  on  zoning 
restrictions  in  Yolo  County.  In  the  indoor  worker  scenario,  exposures  firom  several 
pathways  are  superimposed  to  calculate  total  health  risks.  This  does  not  account  for 
individuals  who  do  not  use  the  shower  each  workday  at  the  site,  and  thus  would  have 
lower  exposure.  Intake  parameters,  such  as  inhalation  rate,  the  number  of  days  per 
year  exposed,  and  number  of  years,  all  tend  to  be  upper  bound  estimates,  resulting  in  a 
cumulative  overestimation  of  exposure. 

Emissions  of  VOCs  and  concentrations  in  air  were  estimated  as  steady-state,  assuming 
that  measured  concentrations  of  VOCs  in  soil  or  groundwater  do  not  change  over  time. 
This  neglects  fate  processes  that  would  deplete  VOC  mass  in  soil  over  time,  resulting  in 
lower  levels  of  exposure  in  the  future.  In  estimating  concentrations  in  air,  the  box 
model  assumes  that  the  receptor  (i.e.,  potentially  exposed  individual)  is  directly  over  the 
emissions  source.  This  overestimates  exposure  concentrations  in  air  because  such  con¬ 
centrations  decrease  with  increasing  distance  from  an  area  source. 

Toxicity  criteria  for  many  compounds  are  based  on  the  results  of  studies  in  laboratory 
animals.  Because  the  contaminant  concentrations  encountered  by  humans  in  the  envi¬ 
ronment  are  typically  much  lower  that  those  used  in  laboratory  studies,  the  use  of  ani¬ 
mal  toxicity  data  for  human  health  criteria  introduces  uncertainty.  Extrapolation  of 
high-to-low  dose  data  and  animal-to-man  data  is  done  conservatively,  to  ensure  that 
adverse  health  effects  in  humans  are  not  underestimated.  Thus,  the  toxicity  criteria 
tend  to  overestimate  the  magnitude  of  potential  adverse  health  effects  associated  with 
exposure  to  a  given  contaminant. 
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Chapter  5 

ECOLOGICAL  RISK  ASSESSMENT 


Chapter  5 

Ecological  Risk  Assessment 


This  ecological  risk  assessment  addresses  a  number  of  questions  related  to  the  current 
and  future  ecological  health  of  the  Davis  Site.  These  questions  are  posed  and  dis¬ 
cussed  in  a  sequential  fashion  in  the  following  sections  of  this  chapter  and  are  sum¬ 
marized  in  Table  5-1.  For  several  of  the  elements,  additional  detail  is  contained  in 
technical  memorandums  included  as  appendixes. 


5.1  Ecological  Endpoints 

An  ecological  endpoint  is  an  expression  of  the  desired  ecological  condition  of  a  site 
either  under  existing  site  conditions  or  following  remediation.  It  can  be  considered  an 
ecological  goal  or  an  objective  of  site  cleanup.  The  endpoint  must  be  realistic  (i.e.,  it 
cannot  be  a  trout  spawning  area  for  a  desert  site),  achievable,  and  measurable  so  that 
achievement  of  the  goal  can  be  evaluated.  Given  these  constraints,  a  broad  statement 
such  as  "support  a  balanced  indigenous  biological  conununity"  must  be  broken  down 
into  several  site-specific  endpoints  to  be  useful  in  the  site  remediation  process. 

Ecological  endpoints  are  most  effective  when  represented  as  an  assessment  endpoint 
and  an  associated  measurement  endpoint.  The  assessment  endpoint  is  the  expected 
ecological  characteristic  to  be  achieved;  the  measurement  endpoint  establishes  a 
method  to  judge  achievement  of  the  characteristic.  For  example,  an  assessment  end¬ 
point  for  a  contaminated  stream  might  be  support  of  a  self-sustaining  trout  population. 
The  measurement  endpoint  could  be  successful  hatching  of  a  given  percentage  of  trout 
eggs,  or  compliance  with  water  quality  criteria  for  specific  site  contaminants  demon¬ 
strated  in  laboratory  studies  to  support  successful  egg  hatching. 

The  more  directly  related  to  specific  ecological  resources,  the  more  useful  endpoints 
are  for  ecological  risk  assessment  and  overall  site  remediation.  If  they  are  tied  to  the 
important  and  visible  ecological  resources  onsite,  it  is  easier  to  incorporate  them  into 
the  site  cleanup  considerations.  Endpoints  linked  to  special  status  species,  recreational 
resources,  or  resources  demonstrabfy  linked  to  the  critical  ecological  processes  fall  into 
this  category. 

At  the  Davis  Site,  the  critical  ecological  resources  are  the  burrowing  owl  and  Swain- 
son’s  hawk.  Protection  of  these  species  and  enhancement  of  their  habitat  are  the 
assessment  endpoints  for  the  Davis  site.  The  other  ecological  resources  onsite  are 
limited,  and  any  attempt  to  develop  new  resources  is  unrealistic.  The  measurement 
endpoint  for  the  Swainson’s  hawk  is  to  maintain  or  increase  the  total  forage  habitat 
value  onsite.  The  critical  onsite  habitat  requirement  for  the  borrowing  owl  is  cover  and 
nesting  habitat,  particularly  existing  burrows.  Therefore,  ensuring  adequate  quantity 
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Table  5-1 

QuestkMis  Addressed  by  Ecological  Risk  Assessment 


Primacy  Questions 

Working  Questtoos 

Where  Addressed  in  This  Chapter 

Is  there  an  existing  risk 
to  ecological  resources 

Is  there  evidence  of  ecological 
damage? 

5.5  Ecological  Risk  and  Effect 
Levels 

at  or  near  the  site  from 
exposure  to  contami- 
nants'^ 

Do  ecological  resources  exist,  or 
potentially  exist,  that  are  sensitive 
to  the  contaminants  found  onsite? 

5.1  Ecological  Endpoints  and  5.2 
Hazard  Identification 

Are  there  exposure  pathways  from 
the  contaminated  media  to  the 
ecological  receptor? 

5.2  Hazard  Identification  and  5.3 
Exposure  Assessment 

If  there  are  receptors  and  pathways, 
are  the  expected  concentrations  or 
doses  at  the  point  of  exposure  at 
levels  reported  to  pose  a  risk? 

5.4  Toxicity  Assessment  and  5.5 
Ecological  Risk  and  Effects  Levels 

If  there  is  an  existing 
risk  to  resources,  what 
remediation  goals  would 

What  concentrations  at  exposure 
points  result  in  ecological  risk 
levels? 

5.4  Toxicity  Assessmeut 

result  in  reduced  levels 
of  risk? 

What  concentrations  in  environ¬ 
mental  media  will  ensure  that  con¬ 
centrations  at  exposure  points  are 
within  acceptable  limits? 

5.1  Ecological  Endpoints  and  5.5 
Ecological  Risk  and  Effects  Levels 

Would  the  proposed 
remediation  adversely 
affect  any  ecological 
resources  in  the  area? 

If  so,  what  mitigation 

Would  any  cleanup  activities, 
including  construction  or  operation 
of  remediation  facilities,  adversely 
affect  any  resources  potentially 
occurring  in  the  area? 

S.6  Evaluation  of  Remediation 

measures  are  available? 

If  impacts  to  resources  could  occur, 
how  can  th^  be  avoided  or  mini¬ 
mized? 

5.6  Evaluation  of  Remediation 

Is  the  proposed  remedi¬ 
ation  in  compliance 
with  all  applicable  eco¬ 

Are  there  ecological  resources  asso¬ 
ciated  with  the  site  that  are  pro¬ 
tected  or  otherwise  regulated? 

5.7  Compliance  with  Ecological 
ARARs 

logical  resource-related 
regulations? 

Will  the  remediation  goals  and 
proposed  action  protect  the  regu¬ 
lated  resources  to  the  extent  man¬ 
dated  by  applicable  regulations? 

5.7  Compliance  with  Ecological 
ARARs 

Will  any  proposed  remediation 
activities  adversely  affect  any  regu¬ 
lated  ecological  resource? 

S.7  Compliance  with  Ecological 
ARARs 
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and  quality  of  areas  of  burrows  is  the  measurement  endpoint  for  the  cml  protection  and 
enhancement  endpoint. 


5.2  Hazard  Identification 

There  are  two  aspects  of  hazards  identification  in  an  ecological  risk  assessment;  one 
deals  with  the  cause  and  the  other  with  the  receptor.  At  the  Davis  Site,  a  hazard  could 
be  caused  by  exposure  to  site  contaminants  or  by  alteration  of  habitat  critical  to  an 
identified  ecological  resource.  The  other  aspect  of  hazard  identification  involves  con¬ 
sideration  of  the  ecological  character  of  the  site  to  determine  which  resources  are 
potentially  vulnerable  to  contaminants  or  remediation  activities.  This  process  involves 
an  appraisal  of  the  ecological  requirements  of  the  resources  such  as  food  sources  for 
mammals,  the  water  requirements  of  plants,  or  suitable  breeding  sites  for  birds.  If  any 
of  the  critical  needs  for  resources  identified  as  ecological  endpoints  are  susceptible  to 
damage  from  contamination  or  remediation,  a  potential  hazard  exists.  The  two  types  of 
hazards  are  not  independent  because  the  nature  of  the  contaminant  affects  the  ecologi¬ 
cal  resource  at  risk,  and  the  resources  associated  with  the  site  determine  what  com¬ 
pounds  are  toxic  and  what  activities  are  disruptive.  Consequently,  hazard  identification 
is  an  iterative  process. 

5.2.1  Contammants  of  Potential  Concern 

The  determination  of  ecological  COPCs  involves  consideration  of  both  pathways  and 
concentrations  for  each  potentially  contaminated  medium  onsite.  The  potentialty  con¬ 
taminated  media  at  the  Davis  Site  are  soils,  groundwater,  and  soil  gas.  In  addition, 
siuface  water  could  become  a  medium  of  concern  if  a  groundwater  treatment  effluent 
holding  pond  is  constructed  as  part  of  the  remediation.  Evaluation  of  each  of  these 
media,  considering  the  ecological  characteristics  of  the  site,  reveals  limited  exposure 
pathways  for  soils,  surface  water,  and  soil  gas  (see  Appendix  I,  Ecological  Contaminants 
of  Potential  Concern).  Unless  the  groundwater  reaches  the  surface  as  part  of  remedia¬ 
tion,  there  is  no  ecological  exposure  pathway  involving  onsite  groimdwater. 

Soil  gas  could  represent  a  significant  exposure  pathway  to  animals  closely  associated 
with  the  soil,  particularly  burrowing  animals.  However,  evaluation  of  aromatic  and 
chlorinated  VCX!!s  detected  in  soil  gas  revealed  that  onsite  levels  were  significantly 
below  ecological  benchmarks  (see  Appendix  I).  Consequently,  no  ecological  contami¬ 
nants  of  concern  were  identified  in  soil  gas. 

Soils  at  depth,  which  is  where  most  of  the  onsite  contamination  was  identified,  are  not 
part  of  an  ecological  pathway,  except  for  the  soil  piles  resulting  from  tank  excavation. 
Diesel-range  petroleum  hydrocarbons,  characterized  as  TPH  using  Method  418.1  and 
modified  Method  80145,  were  the  only  contaminants  identified  in  the  soil  piles  (see 
Appendix  C,  Site  Conceptual  Model).  Comparison  of  TPH  concentrations  in  the  soil 
piles  to  ecological  benchmarks  (i.e.,  concentrations  reported  to  be  associated  with 
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ecological  effects)  revealed  little  or  no  risk  as  a  result  of  ingestion.  However,  onsite 
concentrations  exceeded  levels  estimated  to  cause  inhalation  risk  (see  Appendix  I). 
Because  inhalation  in  a  soil  burrow  could  be  a  critical  pathway,  diesel  in  soil  piles  was 
retained  as  a  contaminant  of  concern. 

A  pond  constructed  to  temporarily  hold  effluent  as  part  of  a  groundwater  treatment 
and  spray  irrigation  system  could  be  an  exposure  pathway  for  both  aquatic  organisms 
and  semi-aquatic  birds,  such  as  waterfowl.  The  treatment  process  would  reduce  the 
concentrations  of  organic  compoimds  in  the  effluent  to  levels  expected  to  protect  eco¬ 
logical  receptors.  However,  the  natural  groundwater  levels  of  several  elements  in  the 
effluent  would  be  above  ecological  benchmarks  and  thus  these  elements  are  ecological 
contaminants  of  potential  concern.  The  likelihood  of  the  selected  remedial  action  alter¬ 
native  including  a  pond  is  small,  because  other  end-use  alternatives  are  preferable. 
However,  to  retain  the  option  of  a  pond  in  an  end-use  alternative,  this  assessment  con¬ 
siders  potential  ecological  effects  associated  with  a  pond. 

The  ecological  COPCs  for  each  medium  at  the  Davis  Site  are  sununarized  in  Table  5-2. 


Table  5-2 

Ecological  Contaminants  of  Potential  Concern 
Davis  Global  Communication  Site 

Medium 

Contaminants 

Soil 

TPH 

Groundwater 

Antimony 

Iron 

Lead 

Nickel 

Selenium 

Thallium 

Soil  gas 

None  1 

Notes; 

1 

Diesel  is  a  COPC  only  in  the  soil  piles. 

Groundwater  contaminants  are  COPCs  only  if 
extracted  water  is  held  in  a  storage  pond.  | 

5.2.2  Resources  Potentially  at  Risk 

Ecological  resources  associated  with  the  site  are  limited.  Consequently,  the  resources 
potentially  at  risk  are  limited  (see  Appendixes  B,  Site  Backgroimd  Information,  and  H, 
Site  Ecological  Characterization).  However,  two  special-status  species,  the  burrowing 
owl  and  Swainson’s  hawk,  could  utilize  certain  features  of  the  site. 
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The  owl  could  be  at  risk  from  contaminated  soil  and  potentially  be  adversely  affected 
by  site  contaminants.  Food  sources  or  other  ecological  requirements  of  the  owl  are  not 
threatened  by  onsite  conditions  or  potential  remediation  activities,  but  other  habitat 
requirements  could  potentially  be  vulnerable.  The  owl  uses  existing  burrows,  primarily 
those  of  California  ground  squirrels,  for  shelter  and  also  for  nesting.  With  minimal 
dilution  and  ventilation  in  the  burrows,  the  air  could  reach  equilibrium  with  volatile  or 
semi-volatile  contaminants  in  the  soil.  If  a  burrowing  owl  remains  in  the  burrow  for 
extended  periods,  such  as  during  breeding  season,  there  could  be  significant  exposure 
through  inhalation.  This  could  pose  a  risk  to  individual  birds  and  also  to  population 
breeding  success. 

A  risk  to  the  hawk  could  result  from  remediation-related  activities  that  reduce  the  size 
or  quality  of  foraging  habitat.  Although  the  foraging  habitat  onsite  is  marginal  for  the 
Swainson’s  hawk,  some  loss  could  be  associated  with  developing  a  ±  1-acre  effluent 
holding  pond. 

There  is  also  potential  for  risk  to  aquatic  organisms  and  waterfowl  ft^om  exposure  to 
extracted  groimdwater.  An  aquatic  community  inhabiting  a  pond  used  to  temporarily 
hold  the  groundwater  treatment  plant  effluent  could  be  at  risk.  More  importantly,  the 
pond  could  pose  risk  to  waterfowl  and  shorebirds.  As  evidenced  from  the  March  1993 
field  reconnaissance  (see  Appendix  H),  even  temporary  standing  water  in  annual  grass¬ 
land  habitat  attracts  waterfowl.  The  effluent  holding  pond  could  attract  birds  for  rela¬ 
tively  long  periods,  especially  during  the  breeding  season.  Intake  of  contaminants  origi¬ 
nating  in  the  groundwater  effluent  through  ingestion  of  aquatic  vegetation  or  inverte¬ 
brates  could  pose  a  risk  to  these  birds. 


5  J  Exposure  Assessment 

An  ecological  exposure  assessment  is  the  evaluation  of  contact  between  a  receptor  and 
a  contaminant.  The  approach  to  ecological  exposure  assessment  at  the  Davis  Site  is  to 
quantify  the  contaminant  at  the  exposure  point  for  the  ecological  receptor.  In  many 
situations,  this  process  can  involve  complex  fate  and  transport  evaluations,  ecological 
modeling,  and  prediction  of  future  conditions.  At  the  Davis  Site,  most  of  the  contami¬ 
nant  concentrations  at  exposure  points  were  measured  and  are  summarized  in  Appen¬ 
dix  C,  Site  Conceptual  Model.  The  ecological  contaminants  of  concern  are  also  dis¬ 
cussed  further  in  Appendix  I. 

Surface  water  concentrations  for  the  groundwater  treatment  effluent  holding  pond 
could  not  be  measured  at  the  point  of  exposure.  These  concentrations  were  estimated 
based  on  measurement  of  onsite  groundwater  (CH2M  HILL,  1993b)  and  are  sum¬ 
marized  in  Table  5-3. 
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Table  5-3 

Exposure  Conceatrattoiis  in  Groundwater 

Contaminant 
of  Concern 

Estiamted  Averape  Concen¬ 
trations  in  Pond  (p^) 

Antimony 

82 

Iron 

5,549 

Lead 

55 

Nidcel 

347 

Selenium 

27 

Thallium 

83 

The  air  concentration  of  contaminants  within  burrows  could  not  be  measured  and  was 
estimated  from  measured  soil  concentrations.  The  estimations  were  based  on  equilib¬ 
rium  partitioning  between  the  soil  and  air  within  the  burrows.  There  was  no  allowance 
of  mixing  with  ambient  air  or  ventilation,  and  the  estimates  were  thus  conservative. 
The  procedure  used  to  estimate  concentrations  is  given  in  Appendix  I. 


5.4  Toxicity  Assessment 

The  objective  of  the  toxicity  assessment  is  to  evaluate  the  toxicological  characteristics  of 
the  COPGi  as  they  relate  to  site-specific  conditions.  The  results  of  the  assessment  are 
then  used  to  determine  existing  risk  and  develop  ecological  effect  levels  for  use  in 
establishing  remediation  goals.  The  toxicity  of  the  COPCs  is  assessed  below  for  inor¬ 
ganic  and  organic  compoimds. 

The  inorganic  compounds  onsite  are  of  concern  in  surface  waters  only.  The  U.S.  EPA 
(1986)  has  established  water  quality  criteria  for  acute  and  chronic  toxicity  for  each  of 
the  inorganic  COPCs  (Table  5-4).  California  has  also  developed  water  quality  stan¬ 
dards  for  many  contaminants  (California  Water  Resources  Control  Board,  1992).  How¬ 
ever,  for  the  Davis  Site  COPCs,  the  California  standards  are  either  identical  to  the 
EPA  values  or  are  not  available. 

In  addition  to  aquatic  toxicity,  selenium  can  pose  a  threat  to  wildlife  that  use  aquatic 
habitat.  Evaluations  of  toxicity  values  for  such  wildlife  species  can  result  in  lower 
criteria  than  those  generated  exclusively  for  protection  of  aquatic  life.  Waterborne 
selenium  concentrations  of  10  /tg/1  have  been  associated  with  impaired  hatchability  in 
shorebirds,  and  concentrations  of  10  to  20  ftg/1  have  been  associated  with  teratogenic 
effects  (Skorupa  and  Ohlendorf,  1991).  Estimates  have  shown  that  birds  could  accumu¬ 
late  enough  selenium  within  a  week  or  two  of  feeding  on  invertebrates  in  pools 
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Table  5-4 

Water  Quality  Criteria 


" 

Contaminants  of 
Potential  Concern 

Acute  Criteria 

Chronic  Criteria 
0*g/l) 

Antimony 

88“ 

30“ 

Iron 

n/a 

1,000 

Lead 

8'’ 

Nickel 

2,549'’ 

283** 

Selenium 

20 

5 

Thallium 

1,400^ 

40^ 

“Proposed. 

'Tiardness  dependent,  calculated  at  200  mg/1  total  hardness. 
*^0  criteria  developed;  number  is  lowest  observed  effect. 

Source:  U.S.  EPA,  1986  and  1992c. 


containing  10  to  30  /xg/l  of  selenium  to  affect  reproductive  success  (CH2M  HILL, 
1993d).  Peterson  and  Nebeker  (1992)  calculate  a  level  of  1  /*g/l  selenium  as  a  thresh¬ 
old  limit  for  birds  and  mammals  with  food  habits  conducive  to  bioaccumulation  from 
aquatic  systems. 

The  only  organic  compound  identified  as  a  COPC  is  diesel-range  petroleum  hydrocar¬ 
bons.  As  described  in  Appendix  I,  ecological  toxicity  data  for  diesel  are  not  extensive. 
The  estimated  protection  level  in  soil  for  mammals  from  ingestion  exposure  pathway  is 
170  mg/kg.  The  estimated  concentration  considered  protective  of  mammals  in  burrows 
from  the  inhalation  exposure  pathway  is  400  mg/kg.  Ecological  toxicity  data  are 
unavailable  to  characterize  ris^  to  terresirial  birds  from  exposure  to  petroleum- 
contaminated  soil.  However,  the  toxicity  of  petroleiun  hydrocarbons  to  birds  is  most 
often  associated  with  contact  with  free  petroleum  hydrocarbon  product.  A  qualitative 
review  of  the  toxicity  of  petroleum  hydrocarbon  to  birds  indicates  that  the  concentra¬ 
tions  detected  in  the  soil  piles  are  not  likely  to  pose  a  significant  risk  to  burrowing  owls. 


5.5  Ecological  Risk  and  Effect  Levels 

The  objectives  of  this  element  of  the  ecological  risk  assessment  are  to  first  define  the 
existing  risks  and  then  to  establish  ecological  effect  levels  for  the  contaminants  poten¬ 
tially  associated  with  those  risks.  The  de^tion  of  existing  risks  is  based  on  observation 
of  existing  biological  conditions  and  evaluation  of  measured  onsite  contaminant  concen¬ 
trations  and  levels  known  to  produce  adverse  effects.  Consideration  of  ecological  effect 
levels  integrates  toxicity  information,  exposure  pathways,  and  other  ecological  charac¬ 
teristics  of  the  site  to  establish  levels  for  contaminants  that  are  compatible  with  site 
conditions  and  ecological  endpoints.  Because  establishing  existing  risk  and  effect  levels 
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is,  at  best,  an  inexact  science,  discussions  of  uncertainty  associated  with  each  of  these 
efforts  are  included. 

5.5.1  Existing  Risk 

Although  no  specific  studies  were  conducted  to  evaluate  existing  ecological  damage,  the 
survey  of  resources  did  not  identify  any  contaminant-related  effects.  TTie  site  and  adja¬ 
cent  area  appear  to  support  an  ecological  community  that  would  be  expected  given 
conditions  in  surrounding  areas  and  the  level  of  human  activity  and  disturbance  onsite. 
The  condition  of  the  California  ground  squirrel  and  other  small  mammal  populations 
appears  to  be  within  the  expected  range,  and  there  is  at  least  a  presence  of  predators. 
The  burrowing  owl  population  meets  or  exceeds  that  in  similar  areas,  and  there  is  some 
evidence  of  successful  breeding  at  or  near  the  site.  The  owls  have  apparently  been 
onsite  for  at  least  5  months;  they  most  likely  would  not  have  remained  onsite  for  an 
extended  period  if  conditions,  including  food  source  and  quahty/quantity  of  burrows, 
were  not  suitable. 

Results  of  the  evaluation  of  lisk  based  on  concentration  of  contaminants  are  generally 
consistent  with  the  indication  of  little  or  no  existing  risk  based  on  ecological  observa¬ 
tions.  In  situ  shallow  soil  gas  and  soils  piles  resulting  from  tank  excavation  are  the  only 
potentially  contaminated  media  now  constituting  a  pathway  to  ecological  receptors  (see 
Appendix  I).  Concentrations  of  aromatic  and  chlorinated  VOCs  in  soil  gas  are  signifi¬ 
cantly  below  ecological  benchmarks  for  all  detected  compounds,  so  no  risk  is  expected. 
The  maximum  concentration  of  diesel  in  soil  piles  is  slightly  greater  than  the  bench¬ 
mark  for  ingestion.  Consequently,  the  soil  piles  could  pose  some  risk  to  individuals  in 
the  most  contaminated  areas.  However,  most  of  the  samples  were  below  the  bench¬ 
mark  based  on  ingestion  by  mammals.  Therefore,  mammals  could  avoid  the  most 
contaminated  areas  and  still  inhabit  the  soil  piles  at  relatively  unaffected  densities  and 
conditions.  Ground  squirrels  appear  to  be  inhabiting  the  piles.  It  is  unlikely  that  there 
would  be  a  significant  risk  to  groimd  squirrels  on  a  population  or  conununity  level 
because  of  their  ubiquitous  natme.  This  would  be  true  for  other  mammals  also,  so 
there  is  not  considered  to  be  a  risk  on  a  population  or  community  level  for  common 
species. 

The  effects  on  burrowing  owls  would  also  appear  to  be  minimal  according  to  available 
toxicity  data  for  petroleum  hydrocarbon  exposure  to  birds.  However,  the  status  of  the 
population  makes  the  potential  impairment  of  approximately  25  percent  of  prime 
shelter  and  breeding  habitat  a  concern.  It  is  impossible  to  quantify  the  risk  because  of 
the  uncertainty  of  the  toxicity  information  as  it  relates  to  owls,  but  there  may  be  some 
potential  risk  to  the  population  from  diesel  in  the  soil  piles. 

Results  of  the  analysis  of  existing  risk  based  on  both  existing  damage  and  comparison 
to  benchmarks  are  uncertain.  No  detailed  population  studies  were  conducted  to  statis¬ 
tically  verify  the  absence  of  population  effects.  However,  such  studies  were  deemed 
unnecessary  because  observations  and  comparison  to  benchmarks  both  support  the  con- 
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elusion  of  no  existing  damage.  The  selection  of  benchmarks  for  diesel  included  a  high 
degree  of  uncertainty.  The  only  toxicity  information  readily  available  was  calculated 
from  small  mammal  inhalation  data  to  estimate  acceptable  soil  concentrations,  and  this 
information  was  not  directly  applicable  to  the  site-specific  ecological  endpoints  for  bur¬ 
rowing  owls.  Also,  the  estimation  of  air  concentrations  assumed  that  the  diesel  went 
from  a  soil  to  soil  pore  water  to  soil  gas.  In  the  relatively  dry  soils  of  the  Davis  Site, 
the  equilibrium  between  soil  and  pore  water  may  never  be  reached  and  the  soil  gas 
concentration  could  be  lower  than  predicted.  Consequently,  the  determination  of 
some  potential  risk  to  owls  from  diesel  in  soil  piles  is  by  necessity  neither  quantitative 
nor  precise. 

5.5.2  Ecological  Effect  Levels 

The  only  onsite  compound  potentially  posing  an  ecological  risk  is  diesel  in  the  tank 
excavation  soil  piles;  thus,  ecological  effect  levels  related  to  cleanup  are  needed  for 
diesel  only.  As  discussed  above,  the  evaluation  of  risk  from  diesel  is  based  on  several 
assumptions  and  is  highly  uncertain.  Therefore,  establishing  precise  numerical  effect 
levels  involves  a  high  degree  of  uncertainty.  However,  it  would  be  likely  that  maximum 
diesel  concentrations  in  the  soil  piles  would  pose  little  or  no  risk  to  mammals,  owls  or 
other  ecological  resources. 

Although  exposure  to  surface  water  presents  no  current  risks,  creation  of  a  pond  for 
temporary  storage  of  groundwater  treatment  effluent  could  pose  a  risk.  Ecological 
effect  levels  associated  with  surface  water  depend  on  the  operation  of  the  effluent 
system  and  the  ecological  receptors.  For  aquatic  receptors,  if  the  pond  is  operated  in 
a  truly  temporary  mode  and  filled  for  no  more  than  a  few  consecutive  days,  acute  water 
quality  criteria  (Table  5-4)  are  acceptable  effect  levels.  However,  if  the  pond  remains 
full  for  extended  periods,  chronic  water  quality  criteria  (Table  5-4)  are  more 
appropriate. 

The  effluent  holding  pond  represents  a  potential  pathway  and  risk  for  waterfowl  and 
shorebirds  as  well  as  aquatic  organisms.  As  discussed  above,  recent  literature  indicates 
that  water  quality  criteria  for  aquatic  life  may  not  be  protective  of  birds,  at  least  for 
selenium.  A  pond  situated  in  the  annual  grassland  habitat  of  the  Davis  Site  could  likely 
attract  ducks,  and  they  could  be  at  risk  from  selenium  contamination.  Consequently,  a 
selenium  effect  level  for  waterfowl  is  warranted.  Recent  research,  as  summarized  in 
the  above  toxicity  assessment,  indicates  that  selenium  levels  above  5  /tg/l  and  perhaps 
levels  above  1  ^g/1  can  produce  significant  impacts  to  wildlife.  Because  the  effluent 
holding  pond  will  be  small  ( -« 1  acre),  the  promulgated  water  quality  standard  of  5  /*g/l 
is  an  appropriate  ecological  effect  level  for  selenium  at  the  Davis  Site. 
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5.6  Evaluation  of  Remediation 


This  section  of  the  RA  summarizes  the  potentially  significant  ecological  issues  associa¬ 
ted  with  site  remediation  (ecological  effects  of  remediation  are  addressed  in  detail  in 
Appendix  J,  Ecological  Effects  of  Remediation).  Remediation  alternatives  under  con¬ 
sideration  are  siunmarized,  followed  by  a  discussion  of  the  ecological  implications  of 
each.  The  potential  effects  of  contaminants  remaining  onsite  following  remediation  are 
addressed  as  well  as  any  alteration  of  ecological  resources  resulting  from  remediation 
activities,  including  construction  and  operation  of  facilities.  Where  potential  impacts 
are  identified,  measures  to  avoid  or  minimize  the  effects  are  discussed. 

The  remediation  alternatives  under  consideration  for  the  Davis  Site  are  No  Action  and 
the  Proposed  Action  (CH2M  HILL,  1993a).  The  Proposed  Action  would  be  carried 
out  in  two  phases  with  the  first  planned  as  an  interim  measure  until  the  Remedial 
Action  Plan  is  approved  and  implemented.  This  phase  consists  of  groundwater  treat¬ 
ment  and  in  situ  soil  management  (i.e.,  spreading  of  the  soil  piles  remaining  onsite  fi-om 
tank  excavation).  The  second  phase,  implementation  of  the  Remedial  Action  Plan, 
would  be  an  expansion  and  continuation  of  the  first-phase  activities  plus  a  soil  vapor 
extraction  system.  All  of  the  potential  ecological  implications  of  remediation  would 
result  from  the  first  phase;  the  second  phase  would  not  create  any  new  ecological 
impacts  or  risk.  Consequently,  this  evaluation  of  remediation  focuses  on  the  first 
phase. 


5.6.1  No-Action  Alternative 

There  are  very  few  ecological  effects  associated  with  the  No  Action  Alternative.  As 
discussed  throughout  this  ecological  risk  assessment  and  the  technical  memorandums  in 
the  appendixes,  there  is  little  or  no  existing  or  baseline  ecological  risk,  and  this  condi¬ 
tion  is  expected  to  continue  under  the  No-Action  Alternative.  There  is  no  exposure 
route  via  groundwater,  surface  water,  or  the  contaminated  soils  at  depth.  There  are 
potential  surface  soil  and  soil  gas  exposure  routes,  but  with  the  exception  of  the  soil 
piles  firom  the  tank  excavation,  there  is  no  surface  soil  contamination,  and  soil  gas  con¬ 
centrations  are  significantly  below  ecological  benchmarks.  The  estimation  of  little  or  no 
existing  risk  using  measured  concentrations  is  supported  by  observed  ecological  condi¬ 
tions  onsite.  No  construction  is  associated  with  No  Action,  so  existing  ecological 
resources  would  not  be  altered. 

Under  the  No-Action  Alternative,  the  effects  of  leaving  the  soil  in  place  are  imcertain. 
Conservative  calculations  indicate  animals  spending  significant  time  in  burrows  could  be 
at  risk  from  inhalation  of  diesel.  Only  an  estimated  25  percent  of  the  stockpiled  soil 
contains  levels  of  diesel  that  could  cause  a  risk.  Therefore,  even  if  there  is  a  risk  from 
the  maximum  concentration,  species  that  are  well  established  would  not  be  affected  at 
the  population  level.  There  could  be  some  effect  to  the  burrowing  owl  because  the 
species  is  not  abundant  in  the  region,  and  breeding  impairment  firom  diesel  contamina- 
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tion  could  potentially  have  minor  population  implications.  Even  without  action,  the 
existing  level  of  risk  should  be  reduced  with  time  as  the  diesel  volatilizes  and  dissipates. 

5.6.2  Proposed  Action  Alternative 

The  Proposed  Action  would  eliminate  the  potential  risk  from  contamination  by  grading 
the  soil  stockpiled  onsite.  The  grading  would  eliminate  the  areas  of  maximum  concen¬ 
trations  by  redistributing  and  diluting  the  soil.  The  result  would  be  levels  no  higher 
than  the  existing  mean  concentration,  which  is  below  levels  known  to  have  ecological 
effects.  In  fact,  the  process  of  grading  and  exposing  soils  to  the  atmosphere  would 
significantly  reduce  diesel  concentrations,  thus  eliminating  possible  risk  from  inhalation 
or  ingestion.  Finally,  and  perhaps  most  importantly,  grading  the  soil  piles  would 
prevent  burrow  construction  in  contaminated  soil.  It  would  no  longer  be  possible  to 
construct  a  burrow  totally  within  the  soil  remaining  from  tank  excavation.  At  most,  the 
entrance  to  a  burrow  could  exist  in  such  soils,  but  the  interior,  where  the  inhalation  risk 
exists,  would  be  within  uncontaminated  surface  soils. 

With  onsite  reinjection  as  the  groundwater  treatment  effluent  option,  the  Proposed 
Action  would  not  produce  any  long-term  ecological  effects  because  there  would  be  no 
significant  taking  or  long-term  disruption  of  habitat  or  other  ecological  resources.  The 
disruption  associated  with  constructing  the  groundwater  treatment  and  disposal  facilities 
is  of  short  duration  and  does  not  involve  any  significant  ecological  resources. 

If  it  were  necessary  to  use  spray  irrigation  for  effluent  disposal,  there  could  be  impacts 
from  the  associated  facilities.  The  taking  of  approximately  1  acre  of  Swainson’s  hawk 
foraging  habitat  for  the  effluent  holding  pond  would  have  few  population  effects.  Fur¬ 
thermore,  the  irrigation  and  cultivation  of  55  acres  of  alfalfa  would  more  then  compen¬ 
sate  for  the  loss  of  an  acre  of  marginal  foraging  habitat.  The  habitat  lost  for  the  pond 
is  not  considered  significant  for  any  other  species,  and  the  creation  of  the  alfalfa  fields 
and  associated  edge  habitat  would  be  a  positive  impact  for  most  species. 

The  creation  of  an  effluent  holding  pond  could  also  create  aquatic  biota  and  waterfowl 
risks.  The  existing  groundwater  onsite  contains  relatively  high  concentrations  of  inor¬ 
ganic  compounds  that  are  not  related  to  site  contamination.  Levels  of  antimony,  iron, 
lead,  nickel,  selenium,  and  thallium  significantly  exceed  water  quality  criteria  for  protec¬ 
tion  of  aquatic  life  from  chronic  exposure.  TTius,  the  pond  could  most  likely  not  sup¬ 
port  a  self-sustaining  aquatic  community.  This  impact  is  not  considered  significant 
because  there  is  currently  no  aquatic  habitat  on  the  site  so  there  would  be  no  loss  of  an 
existing  resource,  and  the  pond  would  be  created  as  a  part  of  the  treatment  system 
rather  than  to  provide  habitat  values.  The  predicted  water  quality  in  the  effluent  hold¬ 
ing  pond  would  meet  criteria  for  protection  from  acute  exposure  so  the  pond  could 
support  short-lived  aquatic  organisms. 

The  pond  could  present  a  more  serious  hazard  to  waterfowl  and  shorebirds.  The  accu¬ 
mulation  of  inorganic  compounds  in  the  aquatic  food  chain,  particularly  selenium  and 
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the  enrichment-produced  bacterial  conditions,  could  significantly  affect  birds  using  the 
habitat  (see  Appendix  J,  Ecological  Effects  of  Remediation).  The  inorganic  compounds 
could  have  toxic  effects,  and  the  enrichment  of  the  pond  could  result  in  botulism 
outbreaks  in  waterfowl. 

Impacts  to  waterfowl  and  shorebirds  could  be  mitigated  by  pond  management  to  con¬ 
trol  enrichment  and  discourage  waterfowl  use,  particularly  during  breeding  season. 
However,  in  an  area  of  limited  habitat  for  these  birds,  it  may  not  be  possible  to  totally 
exclude  them  from  the  effluent  pond.  Therefore,  these  measures  could  lessen  the 
impact  but  most  likely  would  not  eliminate  the  possibility  of  effects  on  waterfowl  and 
shorebirds. 


5.7  Compliance  with  Etiological  ARARs 

The  Migratory  Bird  Treaty  Act  (MBTA)  and  California  Department  of  Fish  and  Game 
(CDFG)  regulations  protecting  Species  of  Special  Concern  are  ARARs  for  protection 
of  burrowing  owls  using  the  tank  excavation  soil  piles.  All  of  the  other  ARARs  dealing 
with  ecological  resources  at  the  Davis  Site  are  related  to  possible  remediation  activities. 
The  construction  and  operation  of  a  groimdwater  treatment  effluent  holding  pond 
could  trigger  the  need  to  protect  migratory  birds  under  the  MBTA  and  to  meet  water 
quality  criteria  under  the  Qean  Water  Act.  The  construction  of  the  pond  could  also 
remove  an  acre  of  Swainson’s  hawk  foraging  area  and  thus  fall  under  the  California 
Endangered  Species  Act  (14  CCR  670)  and  possibly  the  Federal  Endangered  Species 
Act  (50  CFR  17.11)  because  the  species  is  a  candidate  for  federal  listing.  Finally,  two 
areas  onsite  could  potentially  fall  under  the  justification  of  the  Qean  Water  Act  §404 
(Wetlands  Protection).  Preliminary  determinations  indicate  the  areas  are  not  jurisdic¬ 
tional  wetlands,  but  if  any  remediation  activity  is  proposed  for  the  area,  a  formal  delin¬ 
eation  should  be  performed. 

Mitigation  of  impacts  is  possible  for  all  of  the  potential  ARARs  listed  above  so  that  the 
specific  regulations  could  be  met.  The  pond  could  be  constructed  and  managed  so  as 
not  to  provide  aquatic  habitat,  and  adherence  to  water  quality  criteria  would  not  be  an 
issue.  If  a  1-acre  effluent  pond  were  constructed,  approximately  55  acres  of  alfalfa 
would  be  cultivated,  more  than  compensating  for  the  forage  area  lost  and  satisfying 
Swainson’s  hawk  ARARs. 
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Chapter  6 

Findings  and  Conclusions 


6.1  Human  Health  Risk  Assessment 

Results  of  the  human  health  risk  assessment  do  not  indicate  the  presence  of  conditions 
posing  imminent  or  substantial  danger  to  human  health.  There  could  be  some  concern 
for  human  health  in  the  unlikely  event  of  the  site  being  developed  for  residential  use. 
However,  there  are  significant  uncertainties  in  the  risk  estimates  associated  with 
contaminants  in  the  site  production  well  that  are  umelated  to  possible  release  sources 
from  the  site.  Additional  monitoring  from  the  site  production  well  may  be  warranted 
to  better  evaluate  the  presence  and  concentrations  of  EDB  and  trihalomethanes  (such 
as  chloroform)  in  water.  Further  action  is  not  indicated  to  reduce  human  health  risks 
associated  with  contaminants  in  soil  or  inhalation  exposures  to  VOCs  detected  in  direct 
contact  (soil  ingestion  and  dermal  contact)  with  petroleum  hydrocarbon  soil  gas. 


6.2  Ecological  Risk  Assessment 

Diesel  hydrocarbon  concentrations  in  some  samples  firom  the  stockpiled  soils  exceeded 
an  ecological  benchmark  level  for  inhalation  exposure,  suggesting  the  potential  for 
some  risk  to  burrowing  owls.  Significant  uncertainties  are  associated  with  the  estima¬ 
tion  of  ecological  exposures  and  with  the  benchmark  level  development,  and  the 
ecological  risk  assessment  tends  to  overestimate  the  risks  associated  with  petroleum 
hydrocarbons  in  soil.  However,  the  soil  piles  do  not  represent  significant  habitat  and 
could  be  removed  or  graded  with  insignificant  impacts  to  owl  populations. 

Ecological  impacts  could  be  associated  with  a  groundwater  remedial  action  alternative 
that  includes  an  irrigation  end-use  option.  A  storage  pond  would  be  constructed  as  a 
part  of  the  irrigation  system,  which  could  attract  waterfowl  and  other  federally  pro¬ 
tected  birds.  Potential  impacts  to  birds  could  include  botulism  outbreaks  and  selenium 
toxicity  imder  certain  conditions.  However,  adherence  to  proper  management  practices 
should  reduce  to  insignificant  levels  surface-water  problems  to  birds. 
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Introduction 

This  technical  memorandum  is  an  addendum  to  Appendix  I,  Ecological  Contaminants 
of  Potential  Concern,  for  the  Davis  Global  Commtmications  Site  Risk  Assessment 
(CH2M  HILL,  1994).  The  pvirpose  of  this  technical  memorandum  is  to  respond  to 
comments  from  the  California  Enviromnental  Protection  Agency  (Cal/EPA),  Office  of 
Scientific  Affairs  (OSA),  dated  December  1,  1993,  concerning  Appendix  I  of  the  Draft 
Risk  Assessment  Report,  dated  November  3,  1993.  OSA’s  comments  concerning 
Appendix  I  focused  on  the  characterization  of  ecological  risks  to  burrowing  owls  that 
cotdd  use  as  habitat  soil  piles  at  the  site  that  are  contaminated  with  petroleum  hydro¬ 
carbons.  Res()onses  to  comments  from  OSA  on  all  other  aspects  of  the  Risk  As^ss- 
ment,  except  Appendix  I,  were  presented  in  the  Draft  Final  Risk  Assessment  Report, 
dated  January  5,  1994.  Responses  to  comments  concerning  Appendix  I  were  deferred 
pending  further  evaluation  of  the  ecological  risks  associated  with  petroleum 
hydrocarbon-contaminated  soils. 

The  draft  guidance  for  ecological  risk  assessment,  dated  October  1992,  has  been  con¬ 
sulted  in  preparation  of  this  technical  memorandum.  The  provisional  reference  doses 
for  diesel  and  other  fuels  have  been  withdrawn  as  a  basis  for  estimating  ecological 
criteria  in  soil.  Toxicity  data  more  appropriate  to  the  exposure  pathways  and  species 
of  concern  at  the  Davis  Site  have  been  considered  in  developing  soil  criteria.  Appro¬ 
priate  imcertainty  factors  have  been  applied  to  effect  levels  reported  in  the  toxicity 
studies  to  convert  these  levels  to  no  observed  adverse  effects  levels  (NOAELs).  All 
parameters  for  the  soil  ingestion  criterion  have  been  documented. 

The  ecological  impacts  to  burrowing  owls  associated  with  potential  exposure  to  petro¬ 
leum-contaminated  soils  have  been  reevaluated.  On  the  basis  of  this  review,  we  have 
concluded  the  following:  (1)  there  is  no  meaningful  methodology  to  extrapolate  to 
birds  from  concentrations  in  soil  considered  acceptable  for  mammals,  and  (2)  there 
are  no  data  available  to  estimate  exposure  of  birds  to  the  contaminants  in  soil  at  the 
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Davis  Site.  Therefore,  we  have  not  performed  a  quantitative  assessment  of  ecological 
risks,  but  instead  have  presented  a  qualitative  assessment  of  potential  ecological 
effects  of  petroleum-contaminated  soils  to  burrowing  owls. 

This  technical  memorandum  replaces  the  text  in  Appendix  I  starting  with  the  fourth 
paragraph  on  page  1-2,  the  entire  text  on  page  1-3,  and  the  first  paragraph  of  page 
1-4. 


Identiflcation  of  Ecological  Contaminants  of  Concern  in  Soil 

As  discussed  in  Appendix  I  (page  1-2,  third  paragraph),  the  only  soil-related  concern 
for  ecological  receptors  is  soil  presumably  excavated  during  the  removal  of  under¬ 
ground  diesel  fuel  storage  tanks  and  stockpiled  onsite.  These  soils  represent  potential 
pathways  of  exposure  via  ingestion,  inhalation,  and  dermal  contact,  particularly  for 
animals  burrowing  into  the  soil  piles.  Species  that  could  potentially  be  exposed  to 
petroleum  hydrocarbon  contaminants  via  these  pathways  include  burrowing  mammals, 
such  as  ground  squirrels,  and  burrowing  owls  that  co  Id  use  existing  ground  squirrel 
burrows  for  shelter  and  nesting.  Ingestion  of  contaminated  food  or  water  was  not 
considered  an  exposure  pathway  to  these  species;  much  of  the  diet  for  these  species  is 
unlikely  to  be  affected  by  petroleum  hydrocarbons  in  the  stockpiled  soils.  Ecological 
criteria  for  petroleum  hydrocarbons  were  developed  in  Append  I  to  evaluate 
whether  the  hydrocarbon  contaminants  detected  in  the  soil  piles  could  be  contami¬ 
nants  of  potential  concern.  The  following  subsection  provides  a  reevaluation  of  these 
soil  criteria,  in  response  to  OSA  comments. 

Estimation  of  Soil  Criteria  for  Mammals— Ingestion  Exposure 

Ecological  criteria  (as  mg/kg  in  soil)  for  ingestion  exposure  by  burrowing  mammals 
were  calculated  as  follows  (Kappleman,  1993): 


Soil  criterion  (mglkg) 


ELxBW 

IRxCF 


(1) 


A  description  of  the  parameters  and  their  values  is  presented  in  Table  1. 
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Tftbk  1 

Soil  Critertoii  for  li^csUon  Exp^urc 

ParuneUr  Values 

Parameter 

DescripUoD 

Units 

Value 

EL 

Ecological  effect  level 

mg/kg  BW 

IDerived  below 

BW 

Animal  body  weight 

kg 

0.25 

IR 

Ingestion  rate 

mg/day 

3,000 

CF 

Conversion  factor 

kg/mg 

1  X  10'* 

Source:  Halle 

nbeck.  and  Cunningham.  1986  | 

Assumptions  used  in  deriving  the  soil  criterion  for  the  ingestion  exposure  pathway 
were: 

•  Absorption  from  the  gastrointestinal  tract  of  ingested  contaminants  in 
soil  is  the  same  as  that  for  food  items. 

•  Contaminant  levels  in  food  or  soil  are  assumed  to  be  the  same;  there¬ 
fore,  the  proportion  of  food  and  soil  consumed  is  irrelevant. 

•  Body  weight  and  ingestion  rates  for  rats  are  assumed  to  be  representa¬ 
tive  for  small  burrowing  mammals  (i.e.,  ground  squirrels).  Ground 
squirrels  are  likely  to  have  proportionally  higher  body  weights  and 
ingestion  rates  compared  with  rats.  However,  the  differences  are  not 
likely  to  significantly  influence  the  values  derived  for  soil  criterion. 

Derivation  of  the  ecological  effect  level  in  mammals  is  described  below. 

Derivation  of  Ecological  Effect  Level.  A  brief  discussion  of  the  oral  toxicity  of  middle 
distillate  ("diesel  range")  petroleum  hydrocarbons  is  presented  as  a  basis  for  the 
ecological  effect  level  used  in  Equation  1. 

The  acute  oral  LDjq  of  No.  6  fuel  oil  (Bunker  C  or  Residual  Fuel  Oil  No.  6)  in  rats 
has  been  estimated  to  be  5.1  g/kg  body  weight  (BW)  (USAF,  1989).  A  dose  of 
25  g/kg  BW  of  No.  6  fuel  oil  produced  complete  mortality.  The  acute  oral  LD50  of 
No.  2  fuel  oil  (diesel  oil.  Fuel  Oil  No.  2,  or  home  heating  oil)  in  rats  ranged  from  12 
to  17.5  g/kg  BW.  No.  2  oil  caused  from  70  to  100  percent  mortality  with  doses  of 
16.5  to  21  g/kg  BW.  Mortality  generally  was  observed  2  to  3  days  following  dosing. 
Higher  toxicity  appears  to  be  associated  with  higher  boiling-point  hydrocarbons.  Signs 
of  toxicity  included  alopecia,  lethargy,  diarrhea,  and  dermal  irritation.  Necropsy 
revealed  evidence  of  hemorrhagic  gastroenteritis  and  pneumonia  with  abscess  forma¬ 
tion.  A  "marketplace"  sample  of  diesel  fuel  reportedly  had  an  LD50  of  7.5  g/kg  BW  in 
rats  and  produced  90  percent  mortality  at  a  dose  of  16.6  g/kg  BW.  Longer  term  oral 
toxicity  studies  in  mammals  do  not  appear  to  be  available  for  petroleum  hydrocarbon 
products  (USAF,  1989). 
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Subchronic  (90-day)  inhalation  toxicity  studies  have  been  performed  with  kerosene- 
based  jet  fuels  (JP-4  and  JP-5)  and  marine  diesel  in  rats.  These  inhalation  studies  are 
of  less  value  in  evaluating  ecological  effects  associated  with  ingestion  of  petroleum 
hydrocarbons  in  soil  because  the  inhalation  exposure  concentrations  are  not  likely  to 
resemble  the  profile  of  weathered  hydrocarbons  present  in  soil,  as  are  present  at  the 
Davis  Site.  Therefore,  acute  oral  toxicity  data  were  used  as  the  basis  for  the  eco¬ 
logical  effects  level  for  small  burrowing  mammals. 

Derivation  of  the  ecological  effect  level  from  toxicity  data  is  based  on  the  procedure 
used  for  development  of  Reference  Doses  (RfDs): 

,  tfftctUvel  (2) 

VF 


where  UF  refers  to  uncertainty  factors.  The  effect  level  can  be  a  NOAEL  or 
LOAEL  (lowest  observed  adverse  effect  level)  obtained  from  either  a  chronic  or 
subchronic  toxicity  study.  The  selection  of  uncertainty  factors  depends  on  factors  such 
as  the  type  of  effect  level  and  duration  of  the  study.  For  example,  a  UF  =  10  is  used 
to  correct  a  LOAEL  to  a  NOAEL,  and  a  further  UF  =  10  is  used  to  adjust  fi-om  a 
subchronic  to  chronic  exposure.  In  human  health  risk  assessment,  a  UF  =  10  is  used 
to  adjust  a  NOAEL  estimated  in  laboratory  animals  for  use  in  man.  RfDs  typically 
are  not  developed  from  median  effect  levels  (i.e.  LD50S)  obtained  fi-om  acute  toxicity 
studies. 

The  lowest  LDj^  value  (5.1  g/kg  BW,  or  5,100  mg/kg  BW)  identified  from  the  avail¬ 
able  oral  toxicity  data  was  selected  as  the  basis  for  the  ecological  effect  level.  Uncer¬ 
tainty  factors  were  applied  to  this  toxicity  level  as  follows: 

•  Median  Effect  Level  to  LOAEL— There  is  no  guidance  on  UF  values 
for  this  extrapolation.  On  the  basis  of  the  available  dose-response 
information  presented  previously,  a  UF  =  5  appears  to  be  appropriate. 

•  LOAEL  to  NOAEL- U.S.  EPA  recommends  a  UF  =  10  to  convert  a 
LOAEL  to  a  NOAEL. 

•  Acute  to  Chronic  Exposure— No  guidance  exists  for  terrestrial 
organisms  for  extrapolating  levels  of  toxicity  observed  in  acute  exposure 
studies  to  chronic  exposures.  Studies  with  aquatic  organisms  indicate 
that  the  acute  to  chronic  ratio  (ACR)  varies  with  chemical  (Slooff  et  al., 
1986).  According  to  Calabrese  end  Baldwin,  1993,  the  ACR  appears  to 
be  quantitatively  similar  for  aquatic  as  weU  as  terrestrial  organisms. 

They  recommend  using  an  ACR  of  50,  based  on  consideration  of  the 
available  data;  therefore,  the  UF  =  50  for  this  extrapolation. 
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Because  the  toxicity  data  were  developed  in  rats,  an  uncertainty  factor  for 
interspecific  extrapolation  was  not  considered  necessary,  The  LDjo  was  then  divided 
by  the  product  of  these  UFs  (equalling  2,500).  The  resulting  ecological  effect  level 
for  exposure  of  burrowing  mammals  to  diesel-range  petroleum  hydrocarbons  was  2.04 
mg/kg  BW  a  day.  Using  Equation  1,  the  corresponding  concentration  in  soil  is  170 
mg/kg. 

Estimation  of  Soil  Criteria  for  Mammals— Inhalation  Exposure 

Subchronic  (90-day)  inhalation  toxicity  studies  have  been  performed  with  kerosene- 
based  jet  fuels  (JP-4  and  JP-5)  and  marine  diesel  in  rats,  mice,  and  dogs.  Concentra¬ 
tions  ranging  from  50  to  750  mg/m^  in  air  have  produced  dose-related 
histopathological  changes  in  the  livers  and  kidneys  of  rats.  Dose-dependent  renal  and 
liver  toxicity  has  been  observed  in  rats  exposed  for  90  days  to  50  or  300  mg/m^ 
marine  diesel  fuel.  Similar  results  have  been  observed  in  rats  exposed  for  90  days  to 
150  or  750  mg/m^  JP-5  (USAF,  1989).  No.  2  fuel  oil  (the  product  most  likely  stored 
in  underground  tanks  at  the  site)  is  probably  closer  in  boiling  point  and  toxicity  to  jet 
fuel  than  marine  diesel.  Therefore,  the  LOAEL  for  concentrations  in  air  volatilized 
from  petroleum  hydrocarbon  contaminants  in  the  soil  piles  is  considered  to  be  150 
mg/m'  Using  an  UF  =  10,  as  described  previously,  converts  this  value  to  a  NOAEL 
of  15  mg/m^.  An  uncertainty  factor  for  interspecific  extrapolation  was  not  considered 
necessary,  because  the  toxicity  data  were  developed  in  rats. 

Assuming  that  concentration  in  air  inside  burrows  is  at  equilibrium  with  concentra¬ 
tions  in  soil,  concentration  in  soil  can  be  estimated  using  the  series  of  calculations 
presented  in  Attachment  1.  As  shown  in  Attachment  1,  there  is  significant  uncer¬ 
tainty  in  the  estimated  concentration  in  soil  associated  with  an  equilibrium  NOAEL 
concentration  in  air.  The  concentration  in  soil  increases  with  higher  molecular  weight, 
lower  volatility  components  in  diesel.  The  lower  volatility  components  are  likely  to 
predominate  in  diesel-contaminated  soil  that  has  been  allowed  to  weather  for  several 
years.  While  the  concentration  in  soil  corresponding  to  the  NOAEL  in  air  was 
probably  lower  in  past  years,  under  current  conditions  at  the  site,  the  diesel  concen¬ 
tration  in  soil  corresponding  to  the  NOAEL  in  air  is  considered  to  be  approximately 
400  mg/kg  (see  the  calculations  presented  in  Attachment  1). 

Estimation  of  Soil  Criteria  for  Birds 

Birds  can  be  affected  by  petroleum  products  through  external  oiling,  ingestion,  egg 
oiling,  and  habitat  changes  (Albers,  1991).  Adverse  effects  have  been  observed  in 
aquatic  birds  exposed  to  free  petroleum  hydrocarbon  product  in  water  and  tidal  areas. 
Exposures  to  traces  of  petroleum  hydrocarbon  contaminants  in  soil  have  not  been 
reported  to  produce  adverse  effects  in  terrestrial  birds. 

External  oiling  of  birds  disrupts  feather  structure  and  causes  matting  of  feathers  and 
irritation  of  the  eyes.  Mortality  often  results  fi-om  hypothermia  and  drowning. 
Petroleum  hydrocarbons  can  be  ingested  through  preening  or  ingestion  of  contam¬ 
inated  food.  Ingestion  of  petroleum  hydrocarbons  is  seldom  lethal;  however,  the 
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sublethai  effects  (including  inflammation  and  hemorrhaging  of  the  digestive  tract, 
pneumonia,  and  hormonal  imbalances)  can  promote  lethality  from  other  causes, 
including  starvation,  disease,  predation,  and  reproductive  failure.  Bird  embryos  are 
highly  sensitive  to  petroleum  hydrocarbon  exposure.  Contaminated  nesting  materials 
and  oiled  plumage  are  mechanisms  for  transferring  oil  to  the  surfaces  of  egg  shells. 
Generally,  higher  toxicity  is  associated  with  higher  molecular  weight  components  in 
petroleum  hydrocarbons;  weathered  aviation  kerosene  reportedly  produced  insignib- 
cant  increases  in  mortality  in  exposed  duck  embryos.  Dose-response  information  for 
petroleum  hydrocarbon  exposure  to  birds  is  limited.  Mallard  ducks  receiving  from  1 
to  3  percent  South  Louisiana  crude  oil  in  the  diet  exhibited  alterations  in  adrenocorti¬ 
cal  activity,  increased  naphthalene  metabolizing  activity  of  hepatic  microsomes,  and 
decreased  egg  hatchability  (Albers,  1991;  Albers  and  Gay,  1982;  Hooper  et  al.,  1987). 
Dose-response  information  is  not  available  to  evaluate  potential  inhalation  exposures 
associated  with  emissions  of  volatile  organic  compounds  from  petroleum  hydrocarbons 
in  soil  or  water. 

The  potential  pathways  of  exposure  to  burrowing  owls  could  be  ingestion  of  soil 
through  preening  and  inhalation  of  petroleum  hydrocarbon  constituents  volatilizing 
into  burrows.  Information  for  quantitatively  evaluating  either  exposure  or  toxicity  of 
petroleum  hydrocarbon  constituents  in  soil  to  burrowing  owls  is  not  available.  How¬ 
ever,  toxicity  of  petroleum  hydrocarbons  to  birds  is  most  often  associated  with  expo¬ 
sure  to  free  hydrocarbon  product.  Ingestion  of  trace  concentrations  sorbed  to  soil 
particulates  is  not  likely  to  produce  significant  adverse  effects  or  decreased  fertility,  or 
increase  the  susceptibihty  of  burrowing  owls  to  starvation,  disease,  or  predation. 
Exposures  to  embryos  are  not  likely  to  occur,  since  free  product  is  not  present  to 
cause  oiled  plumage  in  adult  birds.  It  is  not  certain  if  inhalation  exposures  could  be 
associated  with  significant  adverse  effects.  An  important  consideration  is  that  burrow¬ 
ing  owls  would  not  shelter  or  nest  continuously  in  the  burrows,  reducing  the  potential 
duration  of  inhalation  exposure. 


Conclusions 

The  soil  criteria  estimated  in  this  technical  memorandum  were  compared  with  the 
maximum  diesel  hydrocarbon  concentration  estimated  in  the  soil  piles  (180  mg/kg). 
While  this  concentration  exceeds  the  soil  ingestion  criterion  for  mammals,  the  95 
percent  upper  confidence  level  of  the  mean  concentration  (UCL  =  91  mg/kg,  mean 
=  55  mg/kg)  is  less  than  the  soil  criterion.  There  is  uncertainty  in  the  soil  criterion 
for  mammals  based  on  inhalation  exposure;  however,  since  the  diesel  contamination 
in  soil  has  weathered  over  time,  it  is  likely  that  the  measured  concentrations  fall 
below  the  inhalation  criterion.  On  the  basis  of  this  evaluation,  diesel  hydrocarbons  in 
the  soil  piles  would  not  be  an  ecological  contaminant  of  concern  for  mammals. 

Information  was  not  available  to  quantify  the  risks  to  burrowing  owls  from  diesel- 
contaminated  soil.  However,  a  qualitative  review  of  the  toxicity  of  petroleum 
products  to  birds  suggests  that  the  concentrations  of  diesel  contaminants  in  the  soil 
piles  are  not  likely  to  pose  a  significant  risk  to  burrowing  owls. 
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Attachment  1 

Conversion  of  Concentration  in  Air  to 
Equivalent  Concentration  in  Soil 


H 


H 


ML 

RT 


^soU  ~ 


(1) 


(2) 


(3) 


Kd  =  (4) 

The  steps  involved  with  this  calculation  are  as  follows; 

1.  Convert  the  NOAEL  concentration  in  air  (IS  mg/m^)  to  mole/m^: 

C(moUlm^  -  C(»iy/»i^><0.001</»tg  (5) 

MWgImok 

Diesel  fuel,  a  mixture  of  hydrocarbons  ranging  from  C^o  to  Cj,  (USAF,  1989),  has  no 
single  value  for  molecular  weight  (MW),  A  range  of  surrogate  aromatic  hydrocarbons 
within  that  range  of  carbon  numbers  (naphthalene,  C^q;  methylnaphthalene,  C^;  and 
anthracene,  C14)  were  used  as  surrogate  MWs  for  this  calculation: 


Surrogate 

Molecular  wtight 
(g/mole) 

Concentration 

(mole/ni^ 

1  Naphthalene 

128 

0.00012 

1  Methylnaphthalene 

142 

0.00011 

Anthracene 

178 

0.000084 

2.  Convert  Heniy’s  Law  constant  (H)  to  a  dimensionless  form  (Eq.  2).  Ptu’ameters 
in  this  equation  are  R  =  8.2E-05  atm-m^/mole-®K,  and  T  =  305  °K. 
Dimensional  Henry’s  Law  constants  (H’)  for  the  stirrogate  hydrocarbons  were 
obtained  from  USAF,  1989: 
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Surrogate 

H’  (atm-m^/mole) 

H  (dimensionless) 

Naphthalene 

4.82E-04 

0.0193 

Methylnaphthalene 

4.4E-04 

0.0178 

Anthracene 

5.9E-05 

0.00236 

3.  Calculate  the  equilibrium  concentration  in  soil  moisture  (Eq.  1)  and  convert 
units  to  /ig/ml; 

C(ng/i«/)  =  C(jnolelm})xMW(glmole)x.\(f]f,glgxm^l\(fiml 


Surrogate 

Concentration  in  Water 

mole/m^ 

/ig/ml 

Naphthalene 

0.0062 

0.8 

Methylnaphthalene 

0.0062 

0.9 

Anthracene 

0.036 

6.3  1 

4,  Calculate  (Eq.  4).  The  fraction  of  organic  carbon  in  soil  (fj^)  at  the  Davis 
Site  is  assumed  to  be  0.005.  Values  for  K^c  for  the  surrogate  hydrocarbons  were 
obtained  from  USAF,  1989. 


Surrogate 

K,c(“V8) 

Kd(«nl/g) 

Naphthalene 

962 

4.81 

Methylnaphthalene 

3.570 

17.85 

Anthracene 

13,500 

67.5 

5.  Calculate  the  equivalent  concentration  in  soil  (Eq.  3) 


Surrogate 

Concentratimi  in  Soil  1 
0«^8)  1 

Naphthalene 

3.8  1 

Methylnaphthalene 

16.1  1 

Anthracene 

425  1 

RDD100133D7.WP5 


1-2 


STATi  or  CAuro«Nu^-«NviiiaNM»nAt  moncnON  Aa»icr 


me  >MHOK.  Ommmr 


DiPARTMCNT  OP  TOXIC  SUBSTANCES  CONTROL 

MOMN  1 

10141  CMVDOM  WAV.  SWITI  S 
lAOIAMCMra  CA  MOV'OIOA 

(91«)  259-3549 

Fobruary  14,  1994 


Xs«  Doris  B«jX« 

SK-AXiC/BA 

5080  Dudloy  Boulevard,  Suite  3 

MoClallan  Air  Voroe  Beee,  California  9S552-l3t9 

APPROVAL  OP  TKB  DBAPT  FINAL  RZMFOIAL  INVSSTXaASlON/FEASIBXLZTY 
STUDY  (RX/PS)  REPORT  FOB  TRE  PAVZS  GLOBAL  COMMUKZCAXZONS  BITE 

Dear  Ha.  Bajkai 

The  Departsaent  of  Toxic  suBatanees  Control  and  the 
California  Baoional  Watar  Quality  control  Board,  Central  valley 
Region  (Agenoiea)  have  reviewed  the  raaponae  to  the  Agenoies' 
coanenta  on  the  Draft  RI/FS  report,  which  were  contained  in  the 
Draft  Final  BX/F8  Report,  dated  Januaxy  7,  1994. 

The  reaponaea  adequately  addrees  the  Aganclea'  ooananta  and 
we  approve  the  RZ/FS  report. 

If  you  have  any  quest lone  or  eoaaants  regarding  thia  natter, 
please  eontaot'Kr.  Mark  Malinowski  at  (915)  2SS-3717* 


Sineeraly, 


office  of  Military  Facilities 


eo:  Mr.  Aline  Mhcoonald 

Regional  Water  Quality  Control  Board 
Central  Vhllay  Region 
3443  Reutier  Road,  Suita  A 
Baeraaanto,  California  95827-3098 


Mr.  Ten  to 

Olraotor  Of  Bnvironnantal  Health 

Yolo  County  Bnvironnental  Health  services 

10  Cottonwood  street 

Woodland,;  California  9S899  ^  ^ 


—  rir*  trnwwT 

mm  #7 

CALIFORNIA  REGIONAL  WATER  QUAUTY  CONTROL  BOARD 

CENTRAL  VALLEY  REGION 

3443  Routl«r  RMd,  Suit*  A 

Sacramanto,  CA  36827-309a 

PHON6:  (919)  29S-3000 

FAX;  (81fi)  266-3019 


PETE  Wtt^ON.  Oavamnf 


27  Jamuuy  1994 


Mr.  Marie  Malinowski 

DciMurtment  of  Toxic  Substances  Control 

Region  1 

lOlSl  Croydon  Way,  Suite  3 
Sacramento,  CA  95827-2106 

DRAFT  FINAL  RISK  ASSESSMENT  REPORT,  DAVIS  GLOBAL  COMMUNICATIONS  SITE, 
MC  CLELLAN  AIR  FORCE  BASE 

Regional  Board  staff  have  reviewed  the  subject  report  and  have  determined  that  our  comments  on 
the  draft  version  of  the  report  have  been  adequately  addressed.  We  have  no  additional  comments. 

If  you  have  any  questions  regarding  this  matter,  please  call  me  at  (916)  255-3025- 


ALEXANDER 
Project  Engineer 


CDONALD 


AMM 


cc:  Ms.  Doris  Bajka,  Environmental  Managemeitt,  McOellan  Air  Force  Base 
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In  Table  G- 1 ,  we  find  the  last  two  columns  for  residents  to  be  inconsistent.  If  a  Table  G- 1  has  been  revised  so  that  feasible  exposure  pathways  have  been  included 

pathway  is  not  feasible,  it  need  not  be  assessed.  On  the  other  hand,  if  the  Air  Force  in  the  risk  assessment, 

has  agreed  with  the  Department  to  assess  a  hypothetical  future  residential  scenario, 
it  is  pointless  to  state  that  these  exposures  are  infeasible. 
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12,  and  Figure  4-3  have  been  revised  to  include  estimated  risks  associated  with 
vinyl  chloride.  Inhalation  exposure  pathways,  both  indoors  and  ^  ...doors,  and 
pathways  associated  with  direct  contact  with  soil  have  been  included  in  this 
scenario.  See  Tables  A-I3  through  A-I6  and  the  associated  spreadsheets  in 
Attachment  G-l  for  the  results  from  these  pathways. 
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Attachment  2 1 


DTSC  Dermal  Exposure  Assessment  Methodology  -  Draft  PEA  Guidance  Document 


Algorithm:  j _ j _ _ 

!  i 


(C  s  X  SA  X  AF  X  ABS  x  EF  x  ED  x  10''-6)/(BW  x  AT  x  365) 


Parameters,  i  ]  ' 


Parameter  _ Description _ | _ Uni 

C_s  I  Concentration  in  Soil  i  mg/kg 

SA _ Exposed  Skin  Surface  Area  j  cm'^2yday 

AF _ Soil  Adherence  Factor _ !  mg/cm*2 

ABS _ Absorption  Fraction _ | _ 

_ (Default  value  for  PNAs  presented) _ 

EF _ Exposure  Frequency _ i  days/year 

ED _ Exposure  Duration _ years 

BW  Body  Weight  T 


Child 

1! 

2000 ! 

_ 11 

0.151 


Intake  Calculations:  ! 

! 

1 

Case 

Intake  (mg/kg-day; 

) 

Adult 

Child  i 

Sum 

AT  =  70  years  (carcinogen) 

1.17E-06 

1.64E-06! 

2.81  E-06 

A^  =  ED  (noncarcinogen) 

1 

3.41  E-06 

1.92E-05 

2  26E-05 

Soil  Ingestion  Intake  Methodology  (Based  on  EPA  PRG  Methodology,  Adapted  by  Draft  PEA  Guidance) 


Algorithm  J 

1 

_ _ _ ^ 

_ 

(C_sx10''-6x 

EF  X  IF)/(AT  X  365) 

1 

.  .  1 

1 

Description 


Concentration  in  Soil 


EF 

Exposure  Frequency 

days/year 

350 

IF 

Ingestion  Factor 

mg-yr/kg-day 

114 

Intake  Calculations; 

AT  =  70  years  (carcinogen) 


AT  =  ED  (noncarcinogen) 


1.56E-06 


3.64E-06 


AT  =  70  years  (carcinogen) 


AT  =  ED  (noncarcinoaen 


Intake  (mg/kg-day) 


Dermal  Contact  Soil  Ingestion 


2.81  E-06  1.56E-06 


3.64E-06 


01/04/1994 


01/04/1994 


s 

1 


I 


Value  1 

o 

1 _ n _ 1 

CN 

100  1 

Units 

E 

S/Ul  1 

E 

E 

1 

1 

u 

• 

o 

Length  of  Side  I 

Annual  average  wtndspeed  I 

Box  Height  I 

■ejv 

1  Symbol  | 

> 

X 

< 

01/04/1994 


Appendix  A 

HUMAN  HEALTH  RISK  ASSESSMENT  SUMMARY  TABLES 


Table  A-1 

Summary  of  Estimated  Cancer  Risks 

Davb  Global  Communications  Site 

Reasonable  Maximum  Exposure 

Onsite  Worker  (Outdoors)  •  Production  Well  Data  and  VOCs  in  Soil  Gas 

Cancer  Risk  by  Exposure  Pathway  | 

Inhalation 

Sprinkler 

Inhalation 

Contaminant 

Symbol 

Irriaation 

Soil  Gas 

Total 

Benzene 

BENZ 

O.OOE+00 

1.82E-09 

1.82E-09 

Bromoform 

CHBr3 

1.52E-08 

O.OOE+00 

1.52E-08 

Chloroform 

CHC13 

1.05E-08 

O.OOE+00 

1.05E-08 

Ethylene  dibromide 

EDB 

4.76E-08 

O.OOE+00 

4.76E-08 

Tetrachloroethene 

PCE 

1.35E-08 

1.90E-07 

2.04E-07 

Trichloroethene 

TCE 

6.13E-09 

2.26E-09 

8.39E-09 

Vinyl  Chloride 

VC 

O.OOE+00 

9.89E-10 

9.89E-10 

Total 

9.30E-08 

1.93E-07 

2.86E-07 

OUTSUMJCLS 


Table  A-2 

Calculation  of  Health  Risks  Associated  with  Inhalatioa  of  Outdoor  Air 

Davis  Global  Conununkatioos  Site 

Reasonable  Maximum  Exposure 

Onsite  Worker  -  VOC  emissions  from  sprinkler  irritation 

Estimated 

Concentration 

Increased 

Percent 

Carcinogenic 

in  Air 

Lifetime 

of  Total 

Hazard 

Contaminant 

(mg/m^) 

Cancer  Risk 

Pathway  Risk 

Acetone 

4.86E-05 

9.51E-05 

Bromodichloromethane 

3.08E-06 

302E-05 

Bromofonn 

5.57E-05 

1.52E-08 

33.46 

5.45E-04 

Chlorodibromomethane 

1.04E-05 

1.02E-04 

Chloroform 

7.94E-06 

1.05E-08 

23.24 

1.55E-04 

1 .4-Dichlorobeazene 

4.40E-06 

4.30E-06 

1,1-Dichloroethene 

3.56E-06 

7.73E-04 

Methyl  ethyl  ketone 

7.11E-07 

4.64E-07 

Methyl  isobutyl  ketone 

8.53E-06 

T  etrachloroethene 

3.79E-06 

1.35E-08 

29.79 

7.42E-05 

Toluene 

4.74E-07 

9.28E-07 

Trichloroetheoe 

8.77E-06 

6.13E-09 

13.51 

T  richlorofluoromethane 

7.HE-07 

6.96E-07 

1 . 1 .2-Trichloro- 1 .2,2-trifluoromethane 

1.67E-05 

4.25E-07 

Total  Risk  and  Hazard  Index 

4.54E-08 

1J8E4)3 

I 
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Table  A-3 

Cakulatioo  of  Health  Rbks  Associated  with  Inhalatioo  of  Outdoor  Air 

Davis  Global  Conununicatioiis  Site 

Reasonable  Maximum  Exposure 

Onsite  Worker  •  Inhalation  of  VOC  Emissions  from  Soil  Gas 

Estimated 

1 

Concentration 

Increased 

Percent 

Carcinogenic 

in  Air 

Lifetime 

of  T(Hal 

Hazard 

Contaminant 

(ma/m^) 

Cancer  Risk 

Pathway  Risk 

Quotient 

Benzene 

2.6  IE-07 

1.82E-09 

0.93 

O.OOE+00 

1 , 1  -Dichloroethane 

2.90E-09 

O.OOE+00 

<001 

5.68E-09 

l.l-Dichioroethene 

7.40E-07 

O.OOE+00 

<0.01 

1.61E-04 

cis- 1 .2-Dichloretbene 

2.00E-08 

O.OOE-fOO 

<0.01 

3.91E-07 

Dichlorodifluoremethane 

1.70E-08 

O.OOE+00 

<0.01 

3.33E-08 

m.p- Xylene  (Sum  of  Isomers) 

1.55E-06 

O.OOE+00 

<0.01 

1.51E-07 

o-Xylene  (1,2-Dtmethylbenzene) 

1.55E-06 

O.OOE-t^ 

<0.01 

1.52E-07 

Tetrachloroethene  (PCE) 

5.33E-05 

I.90E-07 

97.40 

1.04E-03 

Toluene 

2.25E-06 

O.OOE-t^ 

<0.01 

4.40E-06 

Trichloroethene  (TCE) 

3.24E-06 

2.26E-09 

1.16 

O.OOE-kOO 

1,1,1-Trichlorethane 

5.72E-08 

O.OOE+00 

<0.01 

3.73E-08 

1 , 1 ,2'Thchloro- 1 .2,2-Tnnuoroethaoe 

1.49E-07 

O.OOE+00 

<0.01 

3.77E-09 

Vinyl  Chloride 

5.24E-08 

9.89E-10 

0.51 

O.OOE+00 

Total  Risk  and  Hazard  Index 

1.95E-07 

L21E-03 

PTHIOOUTJCLS 


Table  A-4 

CalculatioD  of  Health  Risks  Associated  with  Ingestion  of  Soil 
Davis  Global  Communications  Site 
Reasonable  Maximum  Exposure 


Onsite  Worker  (excavation)  -  Concentrations  in  subsurface  soil 


Carcinogenic 

Contaminant 

Concentration 
in  Soil 
(mg/ks) 

Estimated 

Increased 

Lifetime 

Cancer  Risk 

Percent 

of  Total 
Pathway  Risk 

Hazard 

Quotient 

Benzyl  Butyl  Phthalate 

0.07 

O.OOE+00 

1.64E-07 

DI-n-Butyl  Phthalate 

0.22 

O.OOE+00 

1.07E-06 

Dtbenzofuran 

0.39 

O.OOE+00 

4.80E-05 

Diethyl  Phtalate 

0.00 

O.OOE+00 

1.60E-10 

bis(2-Ethylhexyl)  Phthalate 

0.70 

1.71E-09 

1.71E-05 

Fluorene 

1.51 

O.OOE+00 

1.84E-05 

2-Methylnaphthalene 

10.81 

O.OOE+00 

<0.01 

1.32E-04 

Naphthalene 

4.79 

O.OOE+00 

<0.01 

5.85E-05 

Petroleum  Hydrocarbons 

1197.16 

O.OOE+00 

<0.01 

7.32E-02 

Phenanthrene 

3.82 

O.OOE+00 

<0.01 

O.OOE+00 

Pyrene 

0.10 

O.OOE+00 

<0.01 

1.67E-06 

Total  Risk  and  Hazard  Index 

1.71E-09 

7J5E-02 

SOILCALC.XLS 


Table  A-5 

Summary  of  Estimated  Cancer  Risks 
Davis  Global  Communications  Site 
Reasonabie  Maximum  Exposure 


Onsite  Worker  (Building  4708)  -  Production  Well  Data  and  VOCs  in  Soil  Gas 


Contaminant 

Cancer  Risk  by  Exposure  Pathway 

Inhalation 

SoU 

Gas 

Dermal 

Contact 

Groundwater 

Inhalation 

Groundwater 

Total 

Benzene 

BENZ 

8.11E-08 

O.OOE+00 

O.OOE-fOO 

8.nE-08 

Bromodichloromethane 

BDCM 

O.OOE+00 

3.94E-08 

O.OOE+00 

3.94E-08 

Bromoform 

CHBr3 

O.OOE+00 

1.94E-08 

4.80E-06 

4.82E-06 

Chlorodibromomethane 

CDBM 

O.OOE+00 

5.79E-08 

O.OOE+00 

5.79E-08 

Chloroform 

CHC13 

0,00E+00 

7.31E-09 

3.34E-06 

3.34E-06 

Ethylene  dibromide 

EDB 

O.OOE+00 

5.49E-07 

1.51E-05 

1.56E-05 

Tetrachloroethene 

PCE 

1.97E-06 

1.57E-07 

4.28E-06 

6.40E-06 

Trichloroethene 

TCE 

O.OOE+00 

3.57E-08 

1.94E-06 

1.98E-06 

Total 

1.97E-06 

8.66E-07 

2.94E-05 

3.23E-05 

I 


IN_SUM.XLS 


Table  A-6 

Calculation  of  Health  Risks  Associated  w 
Davis  Global  Communii 
Reasonable  Maximum 
Onsite  Worker  •  Builc 

ith  Inhalation  of  Indoor  Air 
cations  Site 

Exposure 
ling  4708 

Estimated 

Concentration 

Increased 

Percent 

Carcinogenic 

in  Air 

Lifetime 

of  Total 

Hazard 

Contaminant 

(mg/m'*) 

Cancer  Risk 

Pathway  Risk 

Quotient 

Benzene 

1.I6E-05 

8.nE-08 

3.96 

1.1-Dichloroethene 

4.22E-06 

9.17E-04 

m.p,-Xylene  (Sum  of  Isomers) 

2.10E-05 

2.06E-06 

Tetrachloroethene  (PCE) 

5.53E-04 

1.97E-06 

96.04 

1.08E-02 

Toluene 

1.67E-05 

3.27E-05 

Total  Risk  and  Hazard  Index 

2.05E-06 

1.18E-02 

4708JNJCLS 


Table  A-7 

Cakulation  of  Carcinogenic  Risk  Associated  with  Inhalation  of  VOCs  in  Groundwater 

Davis  Global  Communications  Site 

Reasonable  Maximum  Exposure 

Current  Land  Use,  Onsite  Worker  •  Production  Well  Data 

Estimated 

Estimated 

Concentration 

Concentration 

Increased 

Percent 

Carcinogenic 

in  Water 

in  Air 

Lifetime 

of  Total 

Hazard 

Contaminant 

(ug/l) 

(ug/ni’) 

Cancer  Risk 

Pathway  Risk 

ifmm 

Acetone 

41 

20.5 

O.OOE+00 

3.01E-02 

Bromodichloromethane 

2.6 

1.3 

O.OOE+00 

9  54E-03 

Bromoform 

47 

:'3.5 

4.80E-06 

16.33 

1.72E-01 

Chlorodibromomethane 

8.8 

4.4 

O.OOE+00 

cOni 

3.23E-02 

Chloroform 

6.7 

3.35 

3.34E-06 

11.34 

4.92E-02 

1 ,4-Dichlorobenzene 

3.71 

1.855 

O.OOE+00 

1.36E-03 

1,1-Dichloroethene 

3 

1.5 

O.OOE+OO 

2.45E-01 

Ethylene  dibromide 

2.3 

1.15 

1.51E-05 

51.21 

O.OOE+OO 

Methyl  ethyl  ketone 

0.6 

0.3 

O.OOE+OO 

4.40E-04 

Methyl  isobutyl  ketone 

7.2 

3.6 

O.OOE+OO 

O.OOE+OO 

Tetrachloroethene 

3.2 

1.6 

4.28E-06 

14.54 

2.35E-02 

Toluene 

0.4 

0.2 

O.OOE+OO 

2.94E-04 

Trichloroethene 

7.4 

3.7 

1.94E-06 

6.59 

O.OOE+OO 

T  richlorofluoromethane 

0.6 

0.3 

O.OOE+OO 

2.20E-04 

1 . 1 ,2-Trichloro- 1 .2,2-trifluoromethane 

14.1 

7.05 

O.OOE+OO 

1.34E-04 

Total  Risk 

2.94E-05 

5.64E-01 

W0RK_2.XLS 


Table  A-8 

Cakulation  of  Health  Risks  Associated  with  Dermal  Contact  with  Groundwater  (Cal/EPA  Methodology) 

Davis  Global  Communications  Site 
Reasonable  Maximum  Exposure 


Current  Land  Use,  Onsite  Worker  -  Production  Well  Data 


Carcinogenic 

Contaminant 

Concentration 
in  Water 
(ug/I) 

Estimated 
Increased 
Lifetime 
Cancer  Risk 

Percent 

of  Total 
Pathway  Risk 

Acetone 

41 

O.OOE+00 

<0.01 

1.31E-05 

Bromodichloromethane 

2.6 

3.94E-08 

4.55 

4.24E-05 

Bromoform 

47 

1.94E-08 

2.24 

3.44E-04 

Chlorodibrotnome  thane 

8.8 

5.79E-08 

6.69 

9.65E-05 

Chloroform 

6.7 

7.31E-09 

0.84 

3.35E-04 

1 .4- Dichlorobenzene 

3.71 

O.OOE+00 

<0.01 

1.29E-04 

1.1-Dichloroethene 

3 

O.OOE+00 

<0.01 

3.00E-03 

Ethylene  dibromide 

2.3 

5.49E-07 

63.39 

O.OOE+00 

Methyl  ethyl  ketone 

0.6 

O.OOE+00 

<0.01 

1.24E-07 

Methyl  isobutyl  ketone 

7.2 

O.OOE+00 

<0.01 

O.OOE+00 

Tetrachloroethene 

3.2 

1.57E-07 

18.17 

8.64E-04 

Toluene 

0.4 

O.OOE+00 

<0.01 

5.06E-06 

Trichloroethene 

7.4 

3.57E-08 

4.12 

O.OOE+00 

Trichlorofluoromethane 

0.6 

O.OOE+00 

<0.01 

1.91E-06 

1 , 1 ,2-Trichloro- 1 .2,2-trifIuoromethane 

14.1 

O.OOE+00 

<0.01 

6.35E-07 

Total  Risk 

8.66E-07 

— J 

4^E-03 

WORK_3CAJaS 
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Table  A-IO 

Calculation  of  Health  Risks  Associated  with  Ingestion  of  Groundwater 

McClellan  Air  Force  Base 

Davis  Global  Communications  Center 

Reasonable  Maximum  Exposure 

Residential  Well,  Hypothetical  Future  Land  Use  -  MW-3,  9/28/92  data 

Estimated 

Concentration 

Increased 

Percent 

Hazard 

in  Water 

Lifetime 

of  Total 

Quotient 

Chemicals 

(ug/L) 

Cancer  Risk 

Pathway  Risk 

Tetrachloroethene 

150 

8.98E-05 

6.19 

4.11E-01 

Trichloroethene 

350 

6.16E-05 

4.25 

O.OOE+00 

Vinyl  chloride 

410 

1.30E-03 

89.56 

O.OOE+00 

Total  Risk  or  Hazard  Index 

1.45E-03 

4.ilE-01 

i 
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Table  A-11 

Calculatioo  of  Health  Risks  Associated  with  Inhalation  of  VOCs  in  Groundwater 

McClellan  Air  Force  Base 

Davis  Global  Communications  Center 

Reasonable  Maximum  Exposure 

Residential  Well,  Hypothetical  Future  Land  Use  •  MW-3,  9/28/92  data 

Chemicals 

Concentration 
in  Water 
(ug/L) 

Estimated 
Concentration 
in  Air 
(ug/m3) 

Estimated 

Increased 
Lifetime 
Cancer  Risk 

Percent 
of  Total 
Pathway  Risk 

Hazard 

Quotient 

Chemicals 

Concentration 
in  Water 
(ug/L) 

Estimated 
Concentration 
in  Air 
(ug/m3) 

Estimated 
Increased 
Lifetime 
Cancer  Risk 

Percent 

of  Total 
Pathway  Risk 

Hazard 

Quotient 

Tetrachloroethene 

150 

75 

3.37E-04 

6.28 

1.54E+00 

Trichloroethene 

350 

175 

1.54E-04 

2.87 

O.OOE+00 

Vinyl  chloride 

410 

205 

4.87E-03 

90.85 

O.OOE+00 

Total  Risk 

5.37E-03 

1.S4E+00 
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Table  A-12 

Calculation  of  Health  Risks  Associated  with  Dermal  Contact  with  Groundwater  (Cai/EPA  Methodology) 

McClellan  Air  Force  Base 

Davis  Global  Communications  Center 

Reasonable  Maximum  Exposure 

Residential  Well,  Hypothetical  Future  Land  Use  -  Production  Well  Data 

Chemicals 

Concentration 
in  Water 
(ug/L) 

Estimated 

Increased 

Lifetime 
Cancer  Risk 

Percent 

of  Total 
Pathway  Risk 

Hazard 

Quotient 

Chemicals 

Concentration 
in  Water 
(ug/L) 

Estimated 
Increased 
Lifetime 
Cancer  Risk 

Percent 
of  Total 
Pathway  Risk 

Hazard 

(Quotient 

Tetrachloroethene 

150 

1.24E-05 

29.16 

5.67E-02 

Trichloroethene 

350 

2.84E-06 

6.67 

O.OOE+00 

Vinyl  chloride 

410 

2.73E-05 

64.17 

O.OOE+00 

Total  Risk  and  Hazard  Index 

4.25E-05 

5.67E-02 
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Table  A-13 

Calculation  of  Health  Risks  Associated  with  Ingestion  of  Soil 

McClellan  Air  Force  Base 

Davis  Global  Communications  Site 

Reasonable  Maximum  Exposure 

Hypothetical  Future  Resident 

Estimated 

Concentration 

Increased 

Percent 

in  Soil 

Lifetime 

of  Total 

Hazard 

Chemicals 

Cancer  Risk 

Pathway  Risk 

Quotient 

2  -Methy  Inaphthalene 

10.81 

O.OOE+00 

<0.01 

9.85E-04 

Benzyl  butyl  phthalate 

0.07 

O.OOE+00 

<0.01 

1.22E-06 

Di-n-butyl  phthalate 

0.22 

O.OOE+00 

<0.01 

7.%E-06 

Dibenzofuran 

0.39 

O.OOE+00 

<0.01 

3.58E-04 

Diethylphthalate 

0.00 

O.OOE+00 

<0.01 

1.19E-09 

Fluorene 

1.51 

O.OOE+00 

<0.01 

1.37E-04 

Naphthalene 

4.79 

O.OOE+00 

<0.01 

4.36E-04 

Petroleum  Hydrocarbons 

1197.16 

O.OOE+00 

<0.01 

5.45E-01 

Phenanthrene 

3.82 

O.OOE+00 

<0.01 

O.OOE+00 

Pyrene 

0.10 

O.OOE+00 

<0.01 

1.24E-05 

bis(2-ethylhexyl)phthalate 

0.70 

1.52E-08 

100.00 

1.27E-04 

Total  Risk  and  Hazard  Index 

1.52E-08 

5.47E-01 

[ _  1 
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Table  A-14 

Calculation  of  Health  Risks  Associated  with  Inhalation  of  Outdoor  Air 

McCleilan  Air  Force  Base 

Davis  Global  Conununications  Site 

Reasonable  Maximum  Exposure 

Hypothetical  Future  Resident  -  Inhalation  of  VOC  Emissions  from  Soil  Gas 

Estimated 

Concentration 

Increased 

Percent 

in  Air 

Lifetime 

of  Total 

Hazard 

Chemicals 

(mg/mJ) 

Cancer  Risk 

Pathway  Risk 

Quotient 

1 , 1 ,  l-Trichloroethane 

5.72E-08 

O.OOE+00 

5.22E-08 

1 . 1 ,2-Trichloro- 1 ,2,2-Trifluoroethane 

1.49E-07 

O.OOE+00 

5.28E-09 

1,1-Dichloroethane 

2.90E-09 

O.OOE+00 

7.95E-09 

1 , 1  -Dichloroethene 

7.40E-07 

O.OOE+00 

2.25E-05 

Benzene 

2.61  E-07 

3.06E-09 

0.93 

O.OOE+OO 

Dichlorodifluoromethane 

1.70E-08 

O.OOE+00 

4.66E-08 

m,p-xylenes  (sum  of  isomers) 

1.55E-06 

O.OOE+00 

2.12E-07 

o-xylene  (1,2-Dimethylbenzene) 

1.55E-06 

O.OOE+OO 

<0.01 

2.13E-07 

Tetrachloroethene  (PCE) 

5.33E-05 

3.19E-07 

97.40 

1.46E-03 

Toluene 

2.25E-06 

O.OOE+OO 

<0.01 

6.15E-06 

Trichloroethene  (TCE) 

3.24E-06 

3.80E-09 

1.16 

O.OOE+OO 

Vinyl  chloride 

5.24E-08 

1.66E-09 

0.51 

O.OOE+OO 

cis- 1 ,2-Dichloroethene 

2.00E-08 

O.OOE+OO 

<0.01 

5.48E-07 

Total  Risk  and  Hazard  Index 

3.28E-07 

1.49E-03 

I 
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Calculation  of  Health  1 

M 

Davis 

Reas 

Hy 

Table  A-IS 

lisks  Associated  with  Inhalation  of  Indoor  Air 
[cClellan  Air  Force  Base 

Global  Communications  Site 
onable  Maximum  Exposure 
pothetical  Future  Resident 

Estimated 

Concentration 

Increased 

Percent 

in  Air 

Lifetime 

of  Total 

Hazard 

Chemicals 

(mg/m3) 

Cancer  Risk 

Pathway  Risk 

Quotient 

1,1-Dichloroethene 

4.22E-06 

1.28E-04 

Benzene 

1.16E-05 

1.36E-07 

3.% 

m,p-xylene  (sum  of  isomers) 

2.10E-05 

2.88E-06 

Tetrachloroethene  (PCE) 

5.53E-04 

3.31E-06 

96.04 

1.51E-02 

Toluene 

1.67E-05 

4.57E-05 

Total  Risk  and  Hazard  Index 

3.4SE-06 

1.53E-02 
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Table  A-16 

Calculation  of  Health  Risks  Associated  with  Dermal  Contact  with  Soil  (Cal/EPA  Methodology) 

McClellan  Air  Force  Base 

Davis  Global  Communications  Site 

Reasonable  Maximum  Exposure 

Hypothetical  Future  Resident 

Estimated 

Concentration 

Increased 

Percent 

IHi 

in  Soil 

Lifetime 

of  Total 

Chemicals 

Cancer  Risk 

Pathway  Risk 

2-Methylnaphthalene 

1.00 

O.OOE+00 

<0.01 

1.09E-04 

Benzyl  butyl  pbthaiate 

0.07 

O.OOE+00 

<0.01 

1.46E-06 

Di-n-butyl  pbthaiate 

0.22 

O.OOE+00 

<0.01 

9.55E-06 

Dibenzofiiran 

0.39 

O.OOE+00 

<0.01 

4.29E-04 

Diethylphthalate 

0.00 

O.OOE+00 

<0.01 

1.43E-09 

Fluorene 

1.51 

O.OOE+00 

<0.01 

1.65E-04 

Naphthalene 

4.79 

O.OOE+00 

<0.01 

5.23E-04 

Petroleum  Hydrocarbons 

1197.16 

O.OOE+00 

<0.01 

6.54E-01 

Phenanthrene 

3.82 

O.OOE+OO 

<0.01 

O.OOE+OO 

Pyrene 

0.10 

O.OOE+00 

<0.01 

1.49E-05 

bis(2-ethylhexyl)phthalate 

0.70 

2.74E-08 

100.00 

1.52E-04 

Total  Risk  and  Hazard  Index 

2.74E<08 

6.55E-01 

r  ^  1 
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Introduction 

This  technical  memorandum  presents  site  background  information  for  the  Davis 
Global  Communications  Site.  It  includes  a  description  of  conditions  at  the  site  and 
surrounding  the  site,  as  well  as  information  used  to  identify  potential  pathways  of 
exposure  from  contaminant  sources  detected  at  the  Davis  Site. 


Site  Background 

Site  Description 

The  Davis  Site  is  located  approximately  20  miles  southwest  of  McQellan  Air  Force 
Base  (McQellan  AFB).  It  lies  in  a  predominantly  agricultural  area  near  the  Yolo- 
Solano  County  border,  approximately  5  miles  south  of  Interstate  Highway  80  and  2 
miles  south  of  Davis,  California.  Figure  B-1  shows  McQellan  AFB  and  the  Davis  Site 
locations.  The  Davis  Site  is  operated  24  hours  a  day  by  up  to  12  personnel  of  the 
2049th  Communications  Squadron,  which  operates  out  of  McQellan  AFB.  Linked  to 
McQellan  AFB  by  Intersite  Microwave  Ra^o,  the  Davis  Site  has  radio  transmitters 
and  antennae  that  provide  long-range  radio  transmission  capabilities. 

The  Davis  Site  is  largely  surrounded  by  farmland.  However,  immediately  adjacent  to 
the  site  on  the  west  is  Wilson  Park,  a  320-acre  parcel  that  was  formerly  part  of  the 
Global  Communications  Site. 

The  Davis  Site  currently  occupies  approximately  316  acres.  Operational  facilities  and 
controls  are  located  within  a  fenced  compound  near  the  center  of  the  site.  Outside 
the  fence  are  more  than  2  dozen  anteimae  and  transmitters.  An  access  road  to  the 
controlled-access  compound  area  runs  to  County  Road  36,  which  borders  the  south¬ 
ern  edge  of  the  site  (CH2M  HILL,  1992).  Figure  B-2  presents  a  1987  aerial  photo¬ 
graph  showing  the  site,  the  main  compound,  and  the  surrounding  features. 
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Climate 


The  Davis  Site  is  located  in  Yolo  County  in  the  Sacramento  Valley  Air  Basin 
(SVAB).  The  SVAB  encompasses  several  counties  extending  north  from  Sacramento 
County  to  Shasta  County  and  is  bounded  by  the  Sierra  Nevada  to  the  east  and  the 
Coastal  Range  to  the  west.  Prevailing  winds  are  usually  oriented  along  the  major  axis 
of  the  Sacramento  Valley,  approximately  following  a  southeast-northwest  pattern.  In 
the  winter,  northerly  and  southerly  flow  patterns  are  predominant  during  the  day; 
calm  conditions  predominate  during  the  late  evening  and  early  morning.  During 
spring  and  summer,  the  predominant  flow  pattern  is  the  Delta  or  sea  breeze. 

Northerly  winds  and  the  sea  breeze  predominate  in  the  fall.  Full  sea  breeze  condi¬ 
tions  occur  29  percent  of  the  year;  northerly  winds  occur  20  percent  of  the  year 
(California  Air  Resources  Board  [CARB],  1984).  Wind  speeds  average  near  10  miles 
per  hour,  or  a  little  higher,  from  the  southerly  direction.  Wind  speeds  from  other 
directions  are  usually  light.  Only  10  percent  of  the  time  do  winds  exceed  16  miles  per 
hour  (Yolo  County,  1983). 

Climate  in  the  SVAB  is  moderate,  with  mild  winters  and  hot,  dry  summers.  Monthly 
average  temperatures  range  from  53“F  to  54®F  in  January  to  93®F  to  98“F  in  July 
(University  of  California,  Berkeley,  undated).  Mean  annual  precipitation  from  1875 
to  1975  in  the  SVAB  was  approximately  24  inches  (Kahrl,  1978).  Approximately  90 
percent  of  the  rainfall  occurs  between  November  and  April,  with  little  or  no  precipita¬ 
tion  from  late  spring  to  early  fall.  Most  of  the  rainfall  is  associated  with  Pacific 
storms,  which  are  frequent  in  winter  (National  Oceanic  and  Atmospheric  Administra¬ 
tion  [NOAA],  1989). 

Soils 

Most  soils  surrounding  the  Davis  Site  are  considered  prime  agricultural  farmland  by 
the  Soil  Conservation  Service.  Soils  underlying  the  Davis  Site  consist  of  Brentwood 
silty  clay  loam  (0  to  2  percent  slope),  Marvin  silty  clay  loam  (no  slope  rating), 
Pescadero  silty  clay  (no  slope  rating),  and  Capay  silty  clay  (no  slope  rating). 

Brentwood  silty  clay  loam  consists  of  well-drained  clay  formed  from  sedimentary  rocks 
and  found  on  alluvial  fans,  extending  to  depths  in  excess  of  60  feet.  Although  the 
natural  vegetation  for  this  soil  consists  of  annual  grasses  and  forbs,  very  little  land  is 
left  in  its  natural  state  because  it  is  considered  prime  agricultural  land. 

Marvin  silty  clay  soil  is  a  poorly  drained  clay  found  on  basin  rims  and  also  formed  in 
alluvium  from  sedimentary  rocks.  This  soil  exceeds  60  feet  in  depth  and  supports 
annual  grasses  and  forbs  when  uncultivated. 

Pescadero  silty  clay  is  a  poorly  drained  clay  that  is  found  in  basins  and  formed  in 
alluvium  from  sedimentary  rock.  Although  this  clay  contains  low  amounts  of  sodium, 
it  is  usable  for  agriculture.  Natural  vegetation  for  Pescadero  silty  clay  includes  salt- 
grass,  picklegrass,  and  other  types  of  vegetation  that  can  tolerate  saline  conditions. 
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A  small  amount  of  Capay  silty  clay  is  present  in  the  southern  section  of  the  Davis  site. 
This  soil  is  found  on  basin  rims  and  is  moderately  well  drained.  Natural  vegetation 
includes  annual  grasses  and  forbs  (CH2M  HILL,  1993a). 

Groundwater  Resources 

Site  Hydrogeology 

The  stratigraphy  underlying  the  site  has  been  divided  into  five  zones -A,  B,  C,  D,  and 
E.  These  zones  are  made  up  of  coarse-grained  and  fine-grained  materials.  For  con¬ 
venience  in  discussion,  the  terms  "B,"  "C,"  "D,"  and  "E"  zones  have  been  retained  and 
apply  to  the  permeable  units  within  each  specific  zone.  The  five  zones  extend  to  a 
depth  of  245  feet  below  the  site  and  apply  only  to  the  vicinity  of  the  fenced  com¬ 
pound.  The  zones  are  described  in  Table  B-1.  The  zones  include  both  permeable 
aquifer  materials  (sand  and  gravel)  and  low  permeability  aquitard  materials  (silt  and 
clay).  The  low  permeability  zones,  which  generally  exist  across  the  site  between  aqui¬ 
fers,  are  termed  aquitards  and  have  been  named  the  A-B,  B-C,  C-D,  and  D-E  aqui- 
tards.  The  A  zone  (vadose  zone)  ranges  from  ground  surface  to  65  feet  below 
groimd  surface  (bgs)  and  contains  the  A-B  aquitard;  the  B  zone  ranges  firom  65  to  95 
feet  bgs  and  contains  the  B  water-bearing  zone;  the  C  zone  ranges  from  95  to  145 
feet  bgs  and  contains  the  B-C  aquitard  and  the  C  water-bearing  zone;  the  D  zone 
ranges  from  145  to  195  feet  bgs  and  contains  the  C-D  aquitard  and  the  D  aquifer; 
and  the  E  zone  ranges  from  195  to  245  feet  bgs  and  contains  the  D-E  aquitard  and 
the  E  aquifer. 


Table  B-1  1 

SubsurfiKe  DeUnMoa  | 

Zone 

Componoits  of  Zone 

Depth  Beloir  Ground 
Surfbce  (feet) 

A 

Vadose  zone 

A-B  aquitard 

0to65 

B 

B  aquifer 

65  to  95 

C 

B-C  aquitard 

C  aquifer 

95  to  145 

D 

C-D  aquitard 

D  aquifer 

145  to  195 

E 

D-E  aquitard 

E  aquifer 

195  to  245 

Because  of  the  effects  of  agricultural  groundwater  withdrawals  near  the  site,  groimd- 
water  flow  directions  and  velocities  appear  to  change  significant^  throughout  the 
year.  Winter  conditions  (minimal  pumping)  appear  to  be  represented  by  high 
groundwater  levels  (30  to  40  feet  bgs),  and  a  relatively  low  horizontal  gradient  in  the 
B  aquifer  of  less  than  0.0025  foot/foot.  Flow  directions  vary  from  southwesterly  to 
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northwesterly.  Summer  groundwater  conditions  (high  volume  agricultural  pumping) 
are  represented  by  groundwater  flow  to  the  south-southwest,  significantly  lower  water 
levels  (60  to  70  ft  bgs),  and  steeper  hydraulic  gradient  in  the  B  aquifer  up  to  0.008 
foot/foot.  Water  levels,  flow  directions,  and  gradients  in  the  C  aquifer  are  similar. 
Flow  directions  in  the  D  aquifer  ranged  from  northwest  through  west  between 
December  1992  and  March  1993  and  southwest  through  east  between  April  and  July 
1993. 

Water  Uses 

Wells  are  the  primary  source  of  irrigation  water  for  agriculture  in  Yolo  County. 

Three  water  districts  serve  agriculture  in  Yolo  County.  Most  cities  and  communities 
within  the  county  have  a  public  water  supply.  No  domestic  water  is  supplied  ft-om 
surface  supplies  (Yolo  County,  1983).  Several  private  water  supply  or  irrigation  wells 
appear  near  the  site,  as  shown  in  Figure  B-2. 

The  one  production  well  onsite  is  screened  in  the  C  and  D  aquifers.  Water  pumped 
from  the  production  well  is  used  for  turf  irrigation  at  the  site  as  well  as  for  plumbing 
(toilets,  faucets,  and  sinks).  Drinking  water  at  the  Davis  Site  consists  of  bottled 
water;  water  from  the  onsite  production  well  is  not  used  for  human  consumption 
(CH2M  HILL,  1992).  Personnel  at  the  site  turned  to  bottled  water  in  1982  following 
decreased  yield  and  silting  problems  with  the  production  well.  After  the  well  had 
been  retrofitted,  personnel  continued  to  use  bottled  water  because  of  the  preferred 
taste.  Following  detection  of  VOCs  in  water  fi'om  the  production  well,  the  Air  Force 
mandated  the  use  of  bottled  water.  Pumping  rates  from  the  production  well  for  sani¬ 
tary  and  turf  irrigation  purposes  ranged  from  200,000  to  600,000  gallons/month  during 
1988  and  1989,  with  hi^er  extraction  rates  during  the  summer  months  (ITC,  1992). 

Surface  Water 

Surface  water  at  the  site  consists  of  ephemeral  rainwater  pools  onsite  and  agricultural 
drainage  ditches  along  the  site  boundaiy.  There  are  no  permanent  ponds  or  creeks  in 
the  area  nor  any  direct  connections  to  Putah  Creek,  approximately  1.5  miles  to  the 
north.  Surface-water  rainwater  pools  are  expected  to  be  present  during  the  winter 
months  otiiv  (C>I2M  HILL,  1993a). 

Vegetation  and  Wildlife 

The  Davis  Site  is  an  area  of  frequently  disturbed  annual  grasses  surrounded  by 
actively  cultivated  fields.  As  described  in  detail  in  Appendix  H,  Site  Ecological 
Characterization,  except  for  structures,  gravel  drives,  and  other  man-made  site 
features,  there  is  little  or  no  variation  in  the  uniform  annual  grassland  habitat.  Within 
or  immediately  adjacent  to  the  site  there  are  virtually  no  trees,  shrubs,  topographical 
relief,  significant  wetlands,  or  other  feature  that  could  produce  edge  conditions  or 
represent  uncommon  habitat.  Although  Wilson  Park,  which  borders  the  western  edge 
of  the  site,  may  eventually  be  landscaped  to  include  surface  water  and  a  variety  of 
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vegetation,  the  ecological  characteristics  of  the  park  are  currently  identical  to  condi¬ 
tions  at  the  Davis  Site. 

Small  mammals  and  insects,  along  with  associated  predator  species,  are  the  most 
obvious  animal  components  of  the  site  community.  California  ground  squirrels,  black¬ 
tailed  hares,  and  mice  are  common.  Raptors  (i.e.,  hawks,  owls,  and  harriers)  were 
observed  onsite  and  there  was  evidence  of  mammalian  predators  (coyote  or  fox). 
Except  for  owls,  as  noted  below,  the  population  density  of  predators  is  likely  low  due 
to  relatively  low  prey  abundance  and  frequent  human  disturbance.  Similarly,  the  mar¬ 
ginal  habitat  and  extensive  activity  associated  with  the  site  and  surrounding  agri¬ 
cultural  lands  most  likely  precludes  the  occurrence  of  mammals  and  birds  (such  as 
deer  or  short-eared  owl)  intolerant  of  human  disturbance. 

There  are,  however,  several  ecological  resources  which  should  be  noted  in  the  plan¬ 
ning  and  implementation  of  site  cleanup.  As  described  in  Appendix  H,  there  are  sev¬ 
eral  special  status  species  (threatened,  endangered,  or  special  concern)  whose  range 
and  general  habitat  requirements  are  met  at  the  site.  Tliese  species  include  the 
Swainson’s  hawk  and  the  burrowing  owl.  The  ranges  of  other  special  status  species 
include  the  Davis  Site,  but  as  explained,  because  of  noncontaminant-related  site  con¬ 
ditions,  the  site  was  judged  not  capable  of  supporting  these  species  (Appendix  H). 
Swainson’s  hawk  has  several  known  breeding  locations  within  less  than  10  miles  of  the 
Davis  site  (CNDDB,  1993)  and  thus  it  is  likely  this  species  forages  over  the  area. 
However,  because  the  area  apparently  has  relatively  low  prey  density  and  is  subject  to 
frequent  human  disturbance,  the  site  is  most  likely  not  a  primary  feeding  area  for  the 
Swainson’s  hawk. 

In  contrast  to  the  special-status  Swainson’s  hawk  that  only  potentially  and  occasionally 
uses  the  site,  the  California  Special  Concern  burrowing  owl  is  common  within  the 
Davis  Site.  Over  a  dozen  owls  were  observed  on  the  site  and  since  both  juveniles  and 
adults  were  seen,  it  is  likely  that  they  are  successfully  breeding  in  the  area.  The  abun¬ 
dance  of  ground  squirrel  burrows  (which  the  owls  use  for  cover  and  breeding),  lack  of 
cultivation,  and  the  birds’  tolerance  for  human  activity  most  likely  account  for  their 
relatively  common  presence. 

Two  small  areas  (in  combination  less  than  1  acre)  east  of  the  compound  accumulate 
seasonal  rainfall.  These  two  areas  do  not  exhibit  the  characteristics  of  vernal  pools, 
retain  water  for  significant  periods,  or  support  vegetation  characteristic  of  wetlands. 
Consequently,  they  are  not  unique  resources  and  most  likely  do  not  qualify  as  fed¬ 
erally  protected  wetlands. 

The  closest  feature  that  demonstrates  significant  ecological  variability  or  uniqueness  is 
Putah  Creek  and  its  associated  riparian  habitat.  The  creek  is  approximately  a  mile 
north  of  the  site  and  supports  extensive  emergent  vegetation,  trees,  and  shrabs.  The 
creek  and  corridor  represent  significant  habitat  and  variability  in  an  area  of  annual 
grassland  and  intense  cultivation.  The  Putah  Creek  system  is  too  distant  from  the 
Davis  site  to  be  affected  the  site;  however,  the  creek  could  be  a  factor  in  the  site’s 
ecology  by  supporting  animals  that  occasionally  use  the  site  for  migration  or  foraging. 
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Land  Uses  and  Populations 
Existing  Land  Uses 

As  described  previously,  the  site  is  surrounded  on  three  sides  by  agricultural  land. 
Wilson  Park  is  next  to  the  western  border  of  the  site.  The  park  is  a  320-acre  parcel 
that  was  formerly  part  of  the  Global  Communications  Site.  McClellan  AFB  ceded 
the  parcel  to  Yolo  County  in  1973  for  development  as  a  park.  Currently,  part  of 
Wilson  Park  is  leased  to  an  archery  club,  a  horse  club,  and  a  dog-training  club.  The 
remainder  of  the  park  is  grassland  (CH2M  HILL,  1992).  Yolo  County  has  developed 
a  master  plan  for  the  park,  which  is  presented  in  Figure  B-3.  As  shown  on  the  plan, 
most  of  the  park  (170  acres)  will  remain  in  native  grasslands  and  oak  trees.  One  rea¬ 
son  that  the  park  has  remained  largely  undeveloped  is  its  lack  of  a  water  supply  for 
irrigation  (CH2M  HILL,  1993b). 

The  only  apparent  residential  area  is  the  El  Macero  area,  which  is  bounded  by  Mace 
Boulevard  to  the  west  and  Interstate  80  to  the  north  and  is  located  approximately 
4  miles  to  the  northwest  of  the  site.  The  Davis  Migrant  Center,  a  migrant  farm¬ 
worker  camp,  is  located  immediately  to  the  southeast  of  the  site  (approximately  one- 
half  mile  from  the  main  compound)  at  the  intersection  of  Road  36  and  Road  105,  as 
shown  in  Figure  B-2.  The  Migrant  Center  reportedly  is  hydrologically  downgradient 
of  the  Davis  Site  (ITC,  1992).  Aerial  photography  (Figure  B-2)  indicates  that  struc¬ 
tures  (possibly  including  residences)  are  located  immediately  to  the  southeast  and 
south  of  Wilson  Park,  approximately  1,500  to  1,800  feet  from  the  border  of  the  site. 

Future  Land  Uses 

Yolo  County’s  General  Plan  promotes  the  conservation  and  preservation  of  agricul¬ 
tural  land.  Residential  land  uses  in  agricultural  areas  are  limited  to  dwellings  for  the 
preservation  of  the  family  farm  or  for  farm  employees  only,  with  population  densities 
and  locations  of  dwellings  limited  by  county  ordinances.  Yolo  Coimty  may  prohibit 
development  of  residential  land  uses  in  agriculturally  designated  parcels  (Yolo 
County,  1983).  Future  land  use  plans  for  the  site  have  not  yet  been  specified;  how¬ 
ever,  use  of  the  site  is  expected  to  remain  unchanged. 
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Appendix  C 

SITE  CONCEPTUAL  MODEL 


TECHNICAL  MEMORANDUM  C 


aOMHIlL 


PREPARED  FOR: 
PREPARED  BY: 
DATE: 


Davis  Global  Communications  Site  Risk  Assessment 
John  Lowe/CH2M  HILL 
August  18,  1993 


SUBJECT:  Site  Conceptual  Model 

PROJECT:  SAC28722.55.15 


Introduction 

The  conceptual  model  for  the  Davis  Global  Communications  Site  provides  a  current 
understanding  of  the  contaminants  detected  at  the  site,  their  potential  migration  path¬ 
ways,  and  the  potential  for  exposure  to  human  populations  or  ecological  receptors. 
The  conceptual  model  was  initially  developed  in  the  Remedial  Investigation  (RI) 
Work  Plan  (CH2M  HILL,  1992)  to  provide  a  framework  for  the  site  field  investiga¬ 
tion.  Additional  details  have  been  added  to  the  model  throughout  the  course  of  the 
investigation.  Appendix  B,  Site  Background  Information,  and  site  characterization 
data  collected  during  the  RI  have  been  synthesized  in  the  conceptual  model  to  evalu¬ 
ate  contaminant  sources,  migration  pathways,  and  potential  receptors  for  contaminant 
exposure.  The  results  from  the  conceptual  model  were  used  to  develop  exposure 
scenarios  (a  scenario  is  a  collection  of  sources,  pathways,  and  receptors)  for  which 
contaminant  exposures  were  estimated.  The  estimation  of  contaminant  exposures  is 
presented  in  Appendix  G,  Exposure  Assessment  for  Human  Health  Risk  Assessment. 


Description  of  Contaminant  Sources 

Contaminants  detected  at  the  site  consist  principally  of  diesel-range  petroleum  hydro¬ 
carbons  and  low-molecular  weight  polynuclear  aromatic  hydrocarbons  (PNAs)  in  soil, 
aromatic  and  chlorinated  volatile  organic  compounds  (VOCs)  in  soil  gas,  and  chlori¬ 
nated  VOCs  in  groundwater.  Site  investigation  activities  in  soil  and  groundwater  are 
summarized  in  Table  C-1. 

Contamination  in  Soil 

Petroleum  Hydrocarbons  in  Soil 

Petroleum  hydrocarbon  contamination  at  the  Davis  site  was  discharged  to  soil  from 
three  25,000-gallon  leaking  underground  fuel  storage  tanks  located  in  the  southeast 
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Table  C-1 

Summary  of  Investigation  Activities 


C-3 


Groundwater  Sampling  from  Monitoring  Wells,  Hydropunch,  and  the  Site  Production  Well _ 

MW-  Series  Wells  MW-1  through  MW-8  58  to  81  SW8015  (TFH  Diesel)  ITC  ((10/87,  1/88,  4/88,  IRPMS 


Table  C-1 

Summary  of  Investigation  Activities 
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Table  C-1 

Sunmuiry  of  Investigation  Activities 
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quadrant  of  the  site,  south  of  Building  4710.  The  tanks  were  used  to  store  diesel  fuel 
for  the  generator  housed  in  Building  4710.  In  February  1985,  approximately  52  cubic 
yards  of  soil  above  the  tanks  was  removed  and  found  to  be  saturated  with  petroleum 
product.  The  pipelines  from  the  tanks  were  found  to  be  leaking  and  the  tanks 
showed  deformation.  In  May  1985,  a  replacement  20,000-gallon  aboveground  tank 
was  installed  north  of  Building  4710,  and  the  underground  tanks  were  emptied.  In 
December  1985,  investigations  revealed  that  soils  adjacent  to  the  underground  tanks 
were  contaminated  with  petroleum  hydrocarbons.  In  May  1988,  the  underground 
tanks  were  removed  and  the  excavation  was  backfilled  with  cle'in  soil.  Subsequent 
investigations  have  been  performed  by  IT  Corporation  and  CF  M  HILL  to  deter¬ 
mine  the  extent  of  the  petroleum  hydrocarbon  contamination. 

Petroleum  hydrocarbon  contamination  was  detected  in  soil  samples  from  30  to  65  feet 
below  ground  surface  (bgs)  during  drilling  of  Soil  Vapor  Monitoring  Well  CH-5  in 
November  1992.  The  soil  contamination  is  found  mainly  at  the  interface  of  a  silty 
sand  layer  and  a  clay  layer  at  a  depth  of  30  to  40  feet  bgs,  which  represents  approxi¬ 
mate  mean  annual  high  groundwater  depth.  Since  the  petroleum  hydrocarbons  float 
on  the  groundwater  surface,  this  depth  may  represent  a  layer  of  deposition  for  the 
hydrocarbons  in  soil  related  to  groundwater  levels  and  changes  in  lithology  from  a 
coarse-grained  to  a  fine-grained  matrix.  A  second  slug  of  contamination  is  found 
around  60  feet  bgs  in  lean  clay.  This  appears  to  correspond  to  the  depth  of  low 
annual  groundwater  (CH2M  HILL,  1993a). 

Table  C-2  is  a  summaiy  of  the  contaminants  detected  in  Davis  Site  soil  related  to  the 
petroleum  hydrocarbon  contamination. 

A  treatability  study  is  being  conducted  by  Engineering  Science,  Inc.  (ESI),  to  assess 
the  potential  long-term  effectiveness  of  bioventing  for  removal  of  petroleum  hydro¬ 
carbon  contaminants  in  subsurface  soil  (CH2M  HILL,  1993a).  Though  the  potential 
for  contact  with  contaminants  in  subsurface  soil  is  small,  the  human  health  risk  assess¬ 
ment  addresses  potential  exposures  and  health  risks  to  workers  who  may  excavate  in 
the  area  of  the  former  underground  storage  tanks. 

Two  existing  soil  piles  identified  at  the  site  are  believed  to  have  been  generated  dur¬ 
ing  removal  of  the  underground  tanks.  However,  the  actual  source  of  the  soil  is 
unknown.  Additional  material  such  as  construction  debris  has  been  added  to  the  piles 
from  other  sources  (CH2M  HILL,  1992).  The  soil  piles  potentially  serve  as  shelter 
and  nesting  sites  for  burrowing  owls,  designated  as  a  Species  of  Special  Concern  by 
the  California  Department  of  Fish  and  Game  (CDFG)  (CH2M  HELL,  1993b). 
Therefore,  petroleum  hydrocarbon  contamination  detected  in  the  soil  piles  was  evalu¬ 
ated  in  the  ecological  risk  assessment  for  the  Davis  Site.  Samples  from  a  depth  of  1 
to  2  feet  in  the  piles  were  collected  and  analyzed  for  total  petroleum  hydrocarbons 
(TPH)  using  EPA  Modified  Method  8015  and  Method  418.1.  A  summary  of  the 
results  from  these  samples  appears  in  Table  C-3. 
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Table  C.2 

of  Conlaminanls  Related  to  Subeurfiece  Petroleum  Hydrocaibons  in  Soil 
Davb  Global  Communkallons  Site 
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Table  C-3  I 

Summary  of  Petroleum  Hydrocarbons  in  Soil  Piles  I 

Davis  Global  Communications  Site  I 


Contaminant 

Number 

of 

Detects 

Total 

Number  of 
Samples 

Frequency 
of  Detects 

Summary  of  Concentra¬ 
tions  Detected  (mg/kg) 

Minimum 

Maximum 

Total  Petroleum  Hydro¬ 
carbons  (Method  418.1) 

16 

16 

1 

4.4 

640 

Diesel  Hydrocarbons 
(Modihed  Method  8015) 

7 

14 

0.5 

18 

180 

Metals  in  Soil 

Concentrations  of  metals  detected  in  soil  were  evaluated  by  comparison  with  back¬ 
ground  levels  published  in  the  literature.  Data  sources  for  defining  background  levels 
were  Shacklette  and  Boergnen,  1984,  which  provided  ranges  and  sununary  statistics  of 
elemental  concentrations  in  surface  soils  in  the  western  U.S.;  Severson  et  al.,  1986, 
which  provided  ranges  of  elemental  concentrations  in  soils  in  the  San  Joaquin  Valley 
of  California;  and  Severson  et  al,  1987,  which  defined  a  "geochemical  baseline,"  or 
the  expected  95-percent  range  of  elemental  concentrations  developed  from  the  data 
presented  in  Shacklette  and  Boergnen,  1984.  Summary  statistics  of  the  metals  con¬ 
centrations  detected  in  soil  at  the  Davis  Site  and  elemental  background  data  are 
presented  in  Tables  C-4  and  C-5.  Background  data  were  not  available  from  these 
sources  for  antimony,  cadmium,  hexavalent  chromium,  thallium,  and  silver.  Other 
literature  sources,  discussed  further  below,  were  used  to  evaluate  concentrations  of 
these  metals  detected  in  soil  at  the  Davis  Site. 

Concentrations  of  cobalt,  iron,  mercury,  and  nickel  detected  in  soil  at  the  Davis  Site 
slightly  exceeded  the  geochemical  baseline  level,  but  fell  within  the  observed  range  of 
concentrations  reported  for  the  western  U.S.  by  Shacklette  and  Boergnen,  1984. 
Concentrations  of  all  other  elements  detected  in  soil  at  the  Davis  Site  fell  within  the 
geochemical  baseline. 


The  range  of  detected  concentrations  of  antimony  in  soil  at  the  Davis  Site  (2.9  to  5.9 
mg/kg)  slightly  exceeds  the  range  of  observed  concentrations  reported  for  soils  in  the 
western  U.S.  by  Shacklette  and  Boergnen,  1984  (<1  to  2.6  mg/kg).  The  mean  con¬ 
centration  in  soil  was  calculated  by  assuming  that  samples  reported  as  not-detected 
have  concentrations  present  at  one-half  the  detection  limit.  The  mean  concentration 
is  1.42  mg/kg,  and  falls  within  the  observed  range  for  soils  in  the  western  U.S. 
Elevated  concentrations  of  antimony  in  soil  may  be  associated  with  mining  or  smelting 
of  nonferrous  ores  (such  as  copper)  or  sewage  sludge  applications  to  farmland 
(Kabata-Pendias  and  Pendias,  1992). 
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TABLE  C-4 

SUMMARY  STATISTICS  TABLE 

METALS-SOIL 
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TABLE  C'6 

SUMMARY  OF  BACKGROUND  CONCENTRATIONS  OF  METALS  IN  SOIL 

Soils  Background  Concentrations  (units  of  mg/kg) 
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Concentrations  of  cadmium  in  soil  worldwide  appear  to  range  from  0.06  to  1.1  mg/kg. 
A  calculated  worldwide  mean  in  soil  is  reported  to  be  0.53  mg/kg,  and  apparently  all 
higher  values  reflect  anthropogenic  impact  on  the  cadmium  status  in  topsoils  (Kabata- 
Pendias  and  Pendias,  1992).  The  range  of  cadmium  concentrations  detected  in  soil  at 
the  Davis  Site  (4  to  7  mg/kg)  appears  to  be  consistent  with  concentrations  associated 
with  farmland  amended  with  sewage  sludge  or  fertilizer  or  under  irrigation  (reported 
to  be  1  to  10  mg/kg)  (Kabata-Pendias  and  Pendias,  1992;  Chang  et  al.,  1984; 
Shacklette  et  al,  1973;  Williams  et  al.,  1987). 

Data  characterizing  background  concentrations  of  hexavalent  chromium  in  soil  are 
limited.  Generally,  most  chromium  in  soil  occurs  as  trivalent  chromium.  Hexavalent 
chromium  typically  is  unstable  in  soil  and  readily  mobilized  in  both  acid  and  alkaline 
soils  (Bartlett  and  James,  1979;  Bartlett  and  Kimble,  1976a  and  1976b;  Kabata- 
Pendias  and  Pendias,  1992).  The  range  of  concentrations  detected  and  frequency  of 
detection  of  hexavalent  chromium  and  total  chromium  in  soil  are  similar  at  the  Davis 
Site.  The  available  information  on  the  behavior  of  chromium  in  soil  suggests  that  this 
distribution  in  soil  is  unlikely.  Hexavalent  chromium  is  likely  to  be  only  a  small 
fraction  of  total  chromium  in  soil.  Therefore,  these  results  probably  reflect  artifacts 
in  laboratory  analyses  rather  than  the  actual  distribution  of  chromium  in  soil  at  the 
Davis  Site. 

Background  concentrations  of  thallium  in  U.S.  soils  are  reported  to  range  typically 
from  0.02  to  2.8  mg/kg.  Soils  with  concentrations  exceeding  concentrations  of  5  mg/kg 
are  considered  to  be  enriched  in  thallium.  Anthropogenic  impacts  to  thallium  levels 
in  soil  include  potash  fertilizer  works,  nonferrous  smelters,  and  bituminous  coal 
production  (Smith  and  Carson,  1977;  Kabata-Pendias  and  Pendias,  1992).  The  mean 
concentration  of  thallium  detected  in  soil  at  the  Davis  Site  (8.43  mg/kg)  would  suggest 
that  soils  are  enriched  in  thallium.  However,  elevated  concentrations  of  thallium 
reported  in  soils  collected  for  the  McQellan  IRP  have  in  the  past  been  concluded  to 
be  laboratory  artifacts  (ATSDR,  1993). 

Background  concentrations  of  silver  in  soils  are  reported  to  typically  be  less  than  one 
mg/kg.  Soils  rich  in  organic  matter  may  have  concentrations  up  to  5  mg/kg  (Smith 
and  Carson,  1977;  Kabata-Pendias  and  Pendias,  1992).  Comparison  of  these  data 
with  the  concentrations  detected  in  soil  at  the  Davis  Site  indicates  that  silver 
concentrations  at  the  site  resemble  background  levels. 

Soil  Gas  Contamination 

Soil  gas  surveys  performed  in  April  1989  by  International  Technology  Corporation 
(ITC)  revealed  that  plumes  of  trichloroethene  (TCE)  and  tetrachloroethene  (PCE) 
were  present  in  subsurface  soil  in  the  northeast  comer  of  the  main  compound,  south¬ 
east  of  Building  4710  and  around  the  site  production  well.  In  1992,  CH2M  HILL 
collected  shallow  soil  gas  samples  from  67  locations  and  depths  over  an  area  of 
approximately  4  acres.  The  samples  were  collected  inside  the  main  compound  area 
and  outside  of  the  perimeter  fence  surrounding  the  facility  at  depths  ranging  from  5 
to  40  feet  bgs  in  areas  where  soil  gas  contaminants  had  been  detected  in  previous 
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investigations  and  near  former  underground  diesel  storage  tanks.  To  evaluate  poten¬ 
tial  exposures  to  onsite  workers,  four  samples  from  a  depth  of  5  feet  were  collected 
around  Building  4708.  All  soil  gas  samples  were  analyzed  in  the  field  using  EPA 
Method  8021.  Approximately  15  percent  of  the  field  samples  were  analyzed  in  a 
fixed  laboratory  using  Method  TO- 14.  Samples  were  also  collected  from  five  soil 
vapor  monitoring  wells  (SVMWs)  installed  to  a  depth  of  70  feet  at  locations  where 
elevated  concentrations  of  VOCs  were  detected  in  soil  gas. 

The  field  and  fixed  laboratory  analyses  from  both  the  shallow  soil  gas  samples  and 
SVMWs  were  used  in  the  RA  to  evaluate  potential  inhalation  exposures.  A  summary 
of  the  principal  VOC  contamination  detected  in  soil  gas  is  presented  in  Table  C-6. 
The  VOC  contamination  detected  in  shallow  soil  gas  around  Building  4708  is  summa¬ 
rized  in  Table  C-7. 

Soil  gas  sampling  data  were  used  to  develop  mass  estimates  used  in  the  evaluation  of 
remedial  action  alternatives  for  vadose  zone  contamination.  Vadose  zone  contami¬ 
nant  mass  exists  in  three  forms:  sorbed  onto  the  soil  matrix,  dissolved  in  pore  water, 
and  at  present  in  soil  gas.  Soil  gas  results  were  input  into  eqriilibrium  equations  (Jury 
et  al.,  1983)  to  estimate  the  total  contaminant  mass.  All  three  phases  were  consid¬ 
ered  when  calculations  were  performed  to  estimate  the  total  mass  of  contamination 
present.  A  complete  discussion  of  the  approach  used  for  the  vadose  zone  contami¬ 
nant  mass  estimation  is  given  in  Appendix  F  of  the  RI/FS  report.  The  total  estimated 
mass  of  contamination  present  in  the  vadose  zone  is  45  kilograms,  with  PCE 
accounting  for  over  90  percent.  Approximately  45  percent  of  the  contaminant  mass 
estimated  for  the  vadose  zone  is  found  between  26  and  40  feet  bgs.  Because  of  this 
distribution  of  mass,  the  initial  contaminant  loading  to  the  groundwater  is  the  highest. 
Vadose  zone  transport  modeling  (described  below)  was  used  to  predict  VOC  loading 
to  the  groundwater. 

Groundwater  Contamination 

Dissolved  contaminant  mass  in  groundwater  in  the  B  aquifer  appears  to  have 
decreased  from  60  to  30  kg  over  a  period  from  1988  to  1993.  TOs  change  can  be 
partially  accounted  for  by  downward  migration  of  contaminants.  The  total  estimated 
mass  of  contamination  in  the  satmated  zone  is  200  kg.  Almost  95  percent  of  the  total 
mass  is  present  above  the  C/D  aquitard  beneath  the  site.  Three  of  the  B  aquifer 
wells  have  exhibited  major  changes  in  contaminant  concentrations  over  time.  VOC 
concentrations  in  MW-1  have  decreased  tenfold  over  the  past  5  years.  Concentra¬ 
tions  in  MW-5  have  decreased  threefold  in  that  time,  and  concentrations  in  MW-3 
have  shown  a  fourfold  increase.  Concentrations  in  wells  in  the  C  and  D  aquifers  have 
increased  over  time,  which  is  consistent  with  the  general  decrease  in  VOC  mass  in  the 
B  aquifer.  Contamination  in  the  lower  aquifers  appears  to  be  migrating  generally  to 
the  south  (CH2M  HILL,  1993a). 

The  principal  VOC  contaminants  detected  in  onsite  groundwater  monitoring  wells  are 
summarized  in  Table  C-8. 
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Principal  Conlaminaato  Detected  In  Soil  Gas 
Darii  Global  Conunanlcalloos  Site 
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Table  C-7 

SoU  Gm  Analytical  Rcsalto  Near  BalhUng  470S 
Darii  Global  Commankatloni  Site 


Contaminant  (In  m/I) 
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Note:  1,1'DCE  »  l.l-dichloroethene;  TCE*  trichloroethene;  PCE  >  tetrachloroetbene 
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ts  Principally  Detected  in  Groundwater  Monitoring  Wells 
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The  site  production  well,  located  northwest  of  Building  4708,  is  screened  in  both  the 
C  and  D  aquifers  and  has  been  sampled  by  McQeUan  AFB  since  1986.  Concentra¬ 
tions  of  PCE  and  TCE  have  been  detected  in  this  well,  with  levels  remaining  fairly 
constant  throughout  1986  and  1987.  Beginning  in  the  fall  of  1987,  seasonal  variations 
were  observed,  with  concentrations  rising  in  fall  and  winter  months  and  falling  during 
spring  and  summer.  This  variation  appears  to  be  related  to  the  pumping  of  offsite 
irrigation  wells.  During  fall  and  winter,  when  pumping  for  irrigation  is  low,  the  con¬ 
centration  gradient  appears  directed  toward  the  production  well.  In  spring  and  sum¬ 
mer,  when  pumping  for  irrigation  is  at  a  maximum,  contaminant  concentrations 
appear  to  be  drawn  away  from  the  production  well  (ITC,  1992).  Other  notable  con¬ 
taminants  detected  in  the  production  well  include  trihalomethanes  (chloroform,  bro- 
moform,  chlorodibromomethane  and  bromodichloromethane)  and,  beginning  in  1991, 
ethylene  dibromide  (EDB).  Water  drawn  from  the  production  well  is  chlorinated 
(Olgerson,  1993),  and  samples  typically  are  drawn  prior  to  the  point  of  chlorination 
(Mulligan,  1993).  Trihalomethanes  are  formed  from  the  reaction  of  chlorine  with  dis¬ 
solved  organic  matter  in  water,  suggesting  that  some  samples  were  drawn  from 
already  chlorinated  water.  EDB  in  groundwater  is  most  likely  due  to  its  use  as  an 
agricultural  fumigant  and  is  unrelated  to  activities  at  the  Davis  Site. 


Migration  Pathways 

Vadose  Zone  (Contaminants  in  Soil  and  Soil  Gas) 

Petroleum  hydrocarbon  constituents  (total  petroleum  hydrocarbons  and  PNAs)  do  not 
appear  to  have  migrated  appreciably  from  the  former  locations  of  the  underground 
storage  tanks.  Based  on  their  physical  and  contaminant  properties  (high  kg,,  values 
and  low  solubilities),  these  constituents  would  not  be  likely  to  migrate  appreciably  in 
soil.  As  discussed  previously,  the  distribution  of  petroleum  hydrocarbons  in  soil 
appears  related  to  changes  in  groundwater  levels  under  the  site.  Petroleum  hydro¬ 
carbons  wall  undergo  biodegradation  under  aerobic  conditions;  as  discussed  previously, 
bioventing  is  being  evaluated  at  the  Davis  Site  as  a  remedial  action  option  for  petro¬ 
leum  hydrocarbon  contamination  in  soil. 

VOCs  in  the  vadose  zone  can  migrate  by  leaching,  or  by  volatilization  followed  by 
gaseous  diffusion,  or  they  can  undergo  degradation.  Leaching  refers  to  the  downward 
movement  of  a  dissolved  contaminant,  and  takes  place  principally  by  mass  flow  of 
water  through  soil.  Gaseous  diffusion  is  the  movement  of  contaminant  in  the  gas 
phase  through  void  in  soil,  driven  by  a  concentration  gradient.  This  can  be  a  domi¬ 
nant  transport  mechanism  in  areas  of  low  surface  recharge  and  extensive  vadose 
zones.  It  likely  plays  a  less  active  role  than  leaching  in  subsurface  contaminant  trans¬ 
port  at  the  Davis  Site.  VOCs  that  diffuse  to  the  soil  surface  can  be  lost  to  the 
atmosphere  as  contaminant  vapor.  Degradation  refers  to  the  biological  or  contami¬ 
nant  transformation  of  a  contaminant  (Jury  and  Valentine,  1986).  The  potential  for 
contaminants  to  migrate  to  points  of  exposure  depends  upon  the  magnitude  and  dis¬ 
tribution  of  contaminant  concentrations  in  soil,  climatic  conditions,  physical  and 
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contaminant  properties  of  the  contaminants,  soiJ  and  aquifers  present  at  the  site,  and 
locations  of  receptors  relative  to  sources  of  contamination. 

Vadose  zone  transport  modeling  using  the  VLEACH  model  predicted  initial  PCE 
loading  to  the  groundwater  of  270  grams/^ear  (g/yr).  This  loading  exponentially 
decays  over  time  to  approximately  20  g/yr  after  200  years.  Modeling  input  param¬ 
eters  and  assumptions  are  discussed  further  in  the  RI/FS  report.  The  impact  to 
groundwater  of  this  loading  was  calculated  by  estimating  the  groundwater  underflow 
beneath  the  site  and  then  performing  mixing  cell  calculations  to  determine  the  con¬ 
centration  of  PCE  in  the  groundwater  over  time.  The  initial  PCE  concentration  in 
groundwater  was  set  equal  to  zero.  The  incremental  impacts  to  the  groundwater 
from  the  PCE  residing  in  the  vadose  zone  ranged  from  a  maximum  of  240  /ig/1  after 
200  years  to  a  minimum  of  150  /xg/l  after  200  years.  These  values  are  well  above  the 
groundwater  MCL  for  PCE  of  5  /xg/1.  Therefore,  the  mass  of  PCE  contamination  that 
now  resides  in  the  vadose  zone  is  potentially  a  significant  long-term  threat  to  the 
groundwater  quality  beneath  the  Davis  Site  (CH2M  HILL,  1993a). 

Volatilization  of  VOCs  from  the  soil  surface  to  the  air  represents  a  potential  source 
of  inhalation  exposures.  In  general,  contaminants  with  high  Henry’s  Law  constants^ 
are  more  volatile,  diffuse  more  readily  through  soil,  and  tend  to  move  relatively  inde¬ 
pendently  of  atmospheric  conditions.  Factors  that  limit  volatilization  include 
increased  soil  moisture  content  and  increased  adsorption  to  soil  particles.  Exposure 
concentrations  in  air  resulting  from  steatfy-state  volatilization  firom  soil  were  estimated 
using  simplified  models,  as  discussed  in  Appendix  F,  Air  Pathway  Analysis. 

Saturated  Zione  (Groundwater) 

As  discussed  previously,  contamination  in  the  lower  aquifers  appears  to  be  migrating 
generally  to  the  south.  Groundwater  flow  velocities  and  directions  vary  with  changes 
in  regional  pumping  practices.  Highest  groundwater  flow  velocities  in  the  B,  C,  and 
D  aquifers  have  been  observed  in  the  summer  months,  when  highest  pumping  for 
agricultural  use  occurs.  Groundwater  flow  velocities  of  5  feet  per  day  to  the  south 
have  been  reported  (ITC,  1992).  The  receptor  wells  closest  to  the  site  are  located  at 
the  Davis  Migrant  Center,  one-half  mile  (approximately  2,600  feet)  from  the  main 
compound. 

Chlorinated  VOCs  are  degraded  in  soil  and  groundwater  by  nonbiological  fate  pro¬ 
cesses  and  biodegradation.  These  processes  are  slow,  with  half-lives  for  several 
chlorinated  VOCs  ranging  from  0.5  to  2.5  years.  Mechanisms  of  transformation 
include  hydrolysis,  dehydrohalogenation  (in  the  absence  of  electron  donois),  and 
reductive  dehalogenation.  Under  methanogenic  conditions  (i.e.,  reducing  and  anaer¬ 
obic),  PCE  is  transformed  sequentially  to  TCE,  1,1-dichloroethene,  cis-  or  trans-1,2- 
dichloroethene,  vinyl  chloride,  then  ethene  (Howard,  1990;  Vogel,  Criddle,  and 


^Heniy’s  law  constant,  the  ratio  of  vapor  concentration  to  the  aqueous  concentration,  is  an  index  of  the  partitioning  of  a  chemical 
between  dissolved  and  gaseous  phases.  The  larger  the  value  of  Henry’s  constant,  the  more  likely  the  contaminant  is  to  move  by 
vapor  diSusion  as  opposed  to  liquid  diStision. 
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McCarty,  1987).  All  of  the  chlorinated  VOC  transformation  products  have  been 
detected  in  groundwater  at  the  Davis  Site.  PCE  and  TCE  account  for  more  than  80 
percent  of  the  total  mass  present  in  the  saturated  zone  beneath  the  site.  Though 
PCE  represents  90  percent  of  the  contaminant  mass  in  the  vadose  zone,  TCE  is  the 
most  prevalent  contaminant  in  groundwater.  This  finding  is  probably  due  to  the 
higher  soil  organic  carbon  constant  (k^c)  and  lower  solubility  of  PCE  and  the  bio¬ 
degradation  of  PCE  to  TCE,  which  is  more  mobile  in  soil. 


Receptors 

Potential  receptors  of  exposure  to  contaminants  detected  at  the  site  are  onsite 
workers  and  visitors  to  the  site,  offsite  residents,  and  individuals  visiting  Wilson  Park. 

Onsite  Receptors 

Onsite  workers  could  potentially  be  exposed  to  VOCs  emitted  from  the  soil  surface 
and  VOCs  volatilized  from  water  drawn  from  the  production  well.  While  the  produc¬ 
tion  well  does  not  supply  drinking  water  to  the  site,  water  is  used  for  sanitary  and 
irrigation  purposes.  Showers  are  present  at  the  site  (Olgerson,  1993).  Petroleum 
hydrocarbon  constituents  in  soil  are  present  at  depth,  posing  little  potential  for  expo¬ 
sure  unless  the  soil  is  excavated. 

Offsite  Receptors 

Offsite  individuals  using  groundwater  supply  wells  could  potentially  become  exposed 
to  contaminants  migrating  in  groundwater,  or  could  become  exposed  to  concentra¬ 
tions  of  VOCs  emitted  into  air  from  soil  gas  or  production  well  water.  The  potential 
for  offsite  exposure  is  likely  to  be  small;  the  closest  residence  to  the  main  compound 
area,  where  most  of  the  site  contamination  is  located,  is  the  Davis  Migrant  Center, 
approximately  one-half  mile  away. 
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Introduction 

The  process  of  identifying  and  selecting  for  inclusion  into  the  risk  assessment  those 
contaminants  of  greatest  potential  health  concern  (i.e.,  those  that  are  most  toxic, 
mobile,  persistent,  or  prevalent  of  the  contaminants  detected  at  the  Davis  Site)  from 
among  the  entire  set  of  contaminants  associated  with  the  site.  The  steps  described  in 
this  technical  memorandiun  were  performed  to  organize  the  data  collected  in  site 
investigations  into  a  form  appropriate  for  performing  risk  assessments.  The  purpose 
of  identifying  contaminants  of  potential  concern  (COPCs)  is  to  focus  the  risk  assess¬ 
ment  on  the  most  important  contaminants  (i.e.,  those  presenting  99  percent  of  the 
total  risk)  detected  at  the  site. 

Factors  considered  in  selecting  COPCs  for  the  risk  assessment  (U.S.  EPA,  1989) 
were: 


•  Evaluation  of  the  analytical  methods 

•  Evaluation  of  data  quality  with  respect  to  sample  quantitation  limits 

•  Evaluation  of  data  quality  with  respect  to  qualifiers  and  codes 

•  Evaluation  of  data  quality  with  respect  to  blanks 

•  Evaluation  of  tentatively  identified  compounds 

•  Comparison  of  potential  site-related  compounds  with  background  (pri¬ 
marily  for  inorganic  compounds) 

Evaluation  of  data  for  the  risk  assessment  was  based  on  the  EPA  Guidance  for  Data 
Usability  in  Risk  Assessment  (U.S.  EPA,  1992a).  Several  of  these  factors  were 
addressed  prior  to  initiating  the  risk  assessment  for  the  Davis  Site.  Analytical 
methods  and  sample  quantitation  limits  used  in  the  various  site  investigations  were 
specified  in  work  plans  approved  by  the  appropriate  regulatory  agencies  (CH2M 
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HILL,  1992;  Radian  Corporation,  1992).  Prior  to  use  in  the  risk  assessment,  data 
underwent  validation  with  respect  to  qualifiers,  codes,  and  blanks;  data  not  meeting 
data  quality  objectives  specified  in  the  approved  work  plans  were  rejected.  Tenta¬ 
tively  identified  compounds  consisted  of  total  petroleum  hydrocarbons  (TPH)  or  die¬ 
sel-range  hydrocarbons,  analyzed  by  EPA  Method  418.1  and  Modified  Method  8015, 
respectively.  These  results  were  used  as-is  in  the  risk  assessment,  and  the  uncertain¬ 
ties  associated  with  the  resulting  risk  estimates  have  been  discussed  in  the  character¬ 
ization  of  health  risks.  Site-related  compounds  were  not  compared  with  background 
in  this  risk  assessment.  Generally,  contaminants  consisted  of  those  with  no  appre¬ 
ciable  natural  background  concentrations  (such  as  chlorinated  VOCs  in  groundwater) 
Available  site  historical  and  investigative  data  did  not  reveal  sources  of  metals 
releases  to  soils  or  groundwater.  Therefore,  metals  were  not  considered  site-related 
COPCs  in  the  risk  assessment. 


Contaminants  of  Potential  Concern  in  Soil 

Summary  statistics  of  the  contaminants  detected  fi-om  all  samples  at  all  depths  in  soil 
at  the  Davis  Site  are  presented  in  Table  D-1.  These  results  indicate  that  the  coi.  -mi- 
nants  detected  in  soil  are  principally  petroleum  hydrocarbons,  low-molecular  weight 
polynuclear  aromatic  hydrocarbons  (PNAs),  phthalates,  and  volatile  organic  com¬ 
pounds  (VOCs).  VOCs  detected  in  solid  soil  samples  are  not  viewed  as  meaningful 
for  purposes  of  risk  assessment  (U.S.  EPA,  1992b).  Soil  gas  sampling  and  analytical 
data  were  used  to  characterize  health  risks  associated  with  VOCs  in  soil.  All  of  the 
VOCs  detected  in  soil  samples  were  detected  in  soil  gas  samples  except  for  acetone 
and  methylene  chloride,  llie  common  laboratory  contaminants  acetone  and 
methylene  chloride  were  detected  firequently  in  soil  samples  with  relatively  low 
variability  from  sampL  vO  sample.  The  documentation  is  not  available  to  eliminate 
these  contaminants  based  on  comparison  with  blanks.  However,  in  these  cases,  where 
no  source  was  evident  and  no  other  constituents  were  detected,  acetone  and 
methylene  chloride  were  considered  to  be  laboratory  artifacts.  Similarly,  no  source 
for  chloroform  in  soil  is  evident.  At  least  one  hot  spot  was  detected  (260  ng/Vig  in 
one  sample  fi-om  1985);  however,  chloroform  was  detected  in  a  very  limited  number 
of  soil  gas  samples.  While  chloroform  is  a  probable  human  carcinogen,  and  therefore 
should  be  quantified  in  the  risk  assessment,  the  available  data  suggest  that  other  car¬ 
cinogenic  VOCs  (tetrachloroethene  and  trichloroethene)  would  be  more  influential  in 
the  risk  assessment.  Excluding  chloroform  as  a  COPC  is  addressed  as  an  uncertainty 
in  the  risk  assessment. 

With  the  exception  of  acenaphthene,  the  other  semivolatile  organic  compounds 
(PNAs,  phthalates,  and  petroleum  hydrocarbons)  were  included  as  COPCs  in  the  risk 
assessment.  Acenapthene  was  detected  in  1  of  31  samples  from  the  site  (3  percent  of 
the  samples).  Acenaphthene  is  a  noncarcinogenic  contaminant;  based  on  EPA  risk 
assessment  guidelines  (U.S.  EPA,  1989),  noncarcinogenic  contaminants  detected  in 
fewer  than  5  percent  of  samples  from  a  site  can  be  excluded  from  a  risk  assessment. 
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Concentrations  of  metals  detected  in  soil  at  the  Davis  Site  fell  within  a  defined 
geochemical  baseline  level  (Severson,  et  al.,  1987),  or  within  the  range  of  observed 
concentrations  in  western  U.S.  soils  (Shacklette  and  Boergnan,  1984)  with  the 
exception  of  antimony,  cadmium,  and  thallium.  Metals  with  concentrations  that  fell 
within  these  background  levels  were  excluded  as  contaminants  of  potential  concern  in 
the  risk  assessment.  Antimony,  cadmium,  and  thallium  are  discussed  below  in  further 
detail.  Concentrations  of  hexavalent  chromium  reported  in  soil  are  likely  to  have 
been  laboratory  artifacts,  as  discussed  in  Appendix  C,  and  also  were  excluded  as 
contaminants  of  potential  concern. 

Based  on  direct  comparison  of  Davis  Site  data  with  numerical  values  published  for 
background  concentrations,  antimony,  cadmium,  and  thallium  could  be  considered 
elevated  in  soil  at  the  Davis  Site,  and  therefore  could  be  included  as  contaminants  of 
potential  concern  in  the  risk  assessment.  Concentrations  of  antimony  detected  in  soil 
are  elevated  slightly  above  background.  When  samples  reported  as  not-detected  for 
antimony  are  averaged  with  the  detected  concentrations,  the  average  concentration 
falls  within  the  observed  range  of  background  concentrations.  Elevated  concentra¬ 
tions  of  cadmium  in  soil  are  more  likely  to  be  associated  with  agricultural  practices, 
rather  than  activities  at  the  site.  Other  known  sources  of  cadmium  contamination  in 
soil,  such  as  mining  and  smelting  of  metals  (Kabata-Pendias  and  Pendias,  1992)  are 
not  likely  to  have  occurred  at  the  site.  Concentrations  of  thallium  appear  significantly 
in  soil  at  the  Davis  Site.  However,  activities  associated  with  thallium  contamination  in 
soil  (described  in  Appendix  C)  are  not  likely  to  have  occurred  at  the  site.  Also, 
problems  with  laboratory  analyses  have  been  encountered  with  thallium  in  soil  during 
the  McClellan  IRP,  and  elevated  levels  of  thallium  have  been  judged  to  be  laboratory 
artifacts  (ATSDR,  1993).  Antimony,  cadmium,  and  thallium  were  excluded  as 
contaminants  of  potential  concern,  based  on  these  considerations. 


Contaminants  of  Potential  Concern  in  Soil  Gas 

Summary  statistics  of  the  contaminants  detected  from  all  samples  at  all  depths  in  soil 
gas  at  the  Davis  Site  are  presented  in  Table  D-2.  These  results  indicate  that  the 
contaminants  detected  in  soil  are  principally  chlorinated  and  aromatic  VOCs.  Since 
surface  emission  fluxes  were  estimated  as  area-weighted  averages,  extent  of  contami¬ 
nation  was  an  important  factor  in  selecting  COPCs  in  soil  gas.  VOCs  in  soil  gas  that 
were  not  included  in  the  risk  assessment  were  1,2-dichIoroethane,  trimethylbenzenes, 
chloroform,  and  chloromethane.  While  1,2-dichloroethane  and  chloroform  are  Cate¬ 
gory  B2  carcinogens  (probable  human  carcinogens  based  on  laboratory  animal  data), 
emissions  of  these  contaminants  to  the  air  are  likely  to  be  quite  small  compared  with 
other  carcinogens  in  soil  gas  (tetrachloroethene  (PCE)  and  trichloroethene  (TCE)), 
because  they  are  present  only  in  very  limited  areas  of  the  site.  Trimethylbenzenes, 
noncarcinogenic  VOCs  possibly  originating  fi'om  releases  of  petroleum  hydrocarbons 
to  soil,  also  have  limited  extent  in  soil  gas.  Inclusion  of  other  noncarcinogenic  aro¬ 
matic  VOCs  (ethylbenzene,  xylenes,  toluene)  in  the  risk  assessment  is  considered 
adequate  to  address  the  risks  posed  by  this  class  of  compounds  in  soil  gas. 
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TabkD-2 

Sommaiy  SUUslics  of  ConUmlnaala  Analyied  in  Soil  Gas 
Davis  Global  Commnnlcalions  Site 


Contaminant 


Benzene 


Benzyl  chloride 


Bromomethane 


Carbon  dioxide  free 


Carbon  tetrachloride 


Chlorobenzene 


Chloroethane 


Chloroform 


Chloromethane 


1,2-Dibromoethane  (ethylene  dibromide) 


1,2-Dichlorobenzene 


1 ,3-Dichlorobenzene 


1 ,4-Dichlorobenzene 


Dichlorodifluoromethane 


1,1-Dicbloroethane 


1 ,2-Dichloroethane 


1 , 1 -Dichloroethene 


cis-l,2-Dichloroethene 


cis-13-Dichioropropene 


trans-l,3-Dichloropropene 


Ethylbenzene 


Freon-114 


Hexachlorobutadiene 


m,p-Xylene  (sum  of  isomen) 


Methane  (percent) 


Methylene  chloride 


Nitrogen,  nitrite  (percent) 


Page  1  012 


Number  I  Nnmbcr 


of  of  Frcqacncy 

Detects  Samples  of  Delects 


Range  of  Concentrations 
Detected  (ptfl) 


o-Xylene  (1,2-dimethylbenzene) 

22 

Oxygen  (percent) 

6 

Minimum 


.00713 


Maximum 


1.116 


1.00 

59 

88 

0.24 

0.01302 

17.5 

0.86 

15 

19 
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Contaminant 

Number 

of 

Detects 

Niunber 

or 

Samples 

Frequency 
or  Delects 

Ranpe  ot  Concentrations  | 

Delected  (p^)  | 

Maaimnm 

Styrene 

25 

1 , 1 ,2,2-Tetrachloroethane 

25 

Tetrachloroethene  (PCE) 

68 

92 

0.74 

0.02 

541.2 

Toluene 

51 

92 

0.55 

0.0074 

25.9 

1,2,4-Trichlorobenzene 

25 

1,1,1  -Trichloroethane 

10 

25 

0.40 

0.01113 

1.855 

1,1,2-Tiichloroethane 

25 

Trichloroethene  (TCE) 

42 

92 

0.46 

0.01 

50.35 

Trichlorofluoramethane 

25 

1 ,1 ,2-Trichloro- 1 ,2,2-trifluoroethane 

10 

25 

0.40 

0.0122633947 

107.304703477 

1,2,4-Trimethytbenzene 

4 

25 

0.16 

0.00864 

0.0768 

l,3,S-Trimethylbenzene  (mesitylene) 

3 

25 

0.12 

0.00768 

0.01728 

Vinyl  chloride 

1 

92 

aoi 

0,0031875 

0.0031875 

Contaminants  of  Potential  Concern  in  Groundwater 

In  identification  of  COPCs  in  groundwater,  contaminants  detected  in  groundwater 
monitoring  wells  were  considered  separately  firom  those  detected  in  the  site  produc¬ 
tion  weU.  The  site  production  well  provides  water  for  non-drinking  water  uses  at  the 
Davis  Site,  and  represents  a  more  plausible  pathway  of  exposure  than  contaminants 
detected  in  groundwater  monitoring  wells. 

Monitoring  Well  Data 

Currently,  there  are  no  complete  pathways  of  exposure  from  contaminants  detected  in 
monitoring  wells.  Because  there  are  no  constraints  on  future  use  of  groundwater, 
there  could  be  complete  pathways  of  exposure  under  future  land  use.  However,  his¬ 
torical  groundwater  monitoring  data  indicate  that  concentrations  of  VOCs  in  grotmd- 
water  are  changing  over  time,  and  it  is  not  known  what  future  exposvire  concentra¬ 
tions  might  be.  Allowable  levels  of  VOC  contaminants  in  groundwater  also  are 
driven  by  regulatory  considerations  (i.e.,  aquifer  nondegradation  polity)  rather  than 
considerations  of  exposures  and  health  risls.  Therefore,  risk  assessment  results  are 
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not  likely  to  be  significant  in  determining  the  need  for  or  extent  of  remediation  of 
groundwater. 

At  the  request  of  the  regulatory  agencies,  health  risks  potentially  associated  with 
groundwater  contaminants  detected  in  monitoring  wells  were  considered  in  the  risk 
assessment.  These  estimates  of  health  risks  were  based  on  a  future  residential  land 
use  scenario.  Concentrations  of  PCE  and  TCE  detected  in  the  latest  sampling  round 
from  Well  MW-3  (sampled  September  28,  1992)  were  the  exposure  concentrations 
used  for  this  scenario.  In  this  sampling  round,  PCE  was  detected  at  a  concentration 
of  150  /ig/1;  TCE  was  detected  at  a  concentration  of  350  /tg/1.  Table  D-3  presents  a 
summary  of  the  concentrations  of  VOCs  detected  in  groundwater  from  the  monitoring 
wells  at  the  Davis  Site. 

Site  Production  Well  Data 

The  site  production  well  has  been  sampled  by  McClellan  AFB  on  a  regular  basis 
since  1986.  The  monitoring  results  appear  in  Table  D-4.  Minimum  and  maximum 
concentrations  detected  in  samples  from  the  production  well  are  summarized  in 
Table  D-5.  Notable  contaminants  detected  in  the  production  well  are  trihalo- 
methanes  (bromoform,  chloroform,  chlorodibromomethane,  and  bromodichloro- 
methane),  ethylene  dibromide  (EDB)  and  methiocarb.  All  of  the  contaminants 
detected  in  the  production  well  were  evaluated  as  COPCs  in  the  risk  assessment,  with 
the  exception  of  methiocarb.  Methiocarb  (Mesurol,  produced  by  Mobay  Contaminant 
Corp.)  is  a  moderately  toxic  carbamate  pesticide  used  principally  as  a  bird  repellant  in 
fruit  and  field  crops. 


Summary  of  Contaminants  of  Potential  Concern 

The  COPCs  considered  in  the  risk  assessment  are  smnmarized  in  Table  D-6.  Expo¬ 
sure  concentrations  for  these  COPCs  are  presented  in  Appendix  G,  Exposure  Assess¬ 
ment  for  Human  Health  Risk  Assessment. 
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Trichlorofluoromethane  8  336  0.02 


Table  D-3 

Summaty  Statistics  of  Concentrations  in  Groundwater  -  Davis  Global  Communications  Site 
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Table  D-4 

Davis  Global  Communication  Center 
Base  Production  Well 
Groundwater  Sampling 
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Table  D-5 

Groundwater  Sample  Summaiy 
Site  Production  Well 
Davis  Global  Communication  Site 


Contaminant 

Number  of 
Detects* 

Acetone 

1 

Bromodichloromethane 

15 

Bromoform 

20 

Chlorodibromomethane 

24 

Chloroform 

17 

1,4-Dichlorobenzene 

2 

1,1-Dichloroethene 

27 

Ethylene  dibromide 

2 

Freon  113 

45 

Methiocarb 

1 

Methyl  ethyl  ketone 

1 

Methyl  isobutyl  ketone 

5 

Tetrachloroethene 

55 

Toluene 

2 

Trichloroethene 

59 

Trichlorofluoromethane 

1 

l,l,2-Trichloro-l,2,2-trilluoromethane 

1 

Concentration  Range 
(/«/•) 


‘Number  of  detects  from  a  total  of  60  sampling  rounds. 
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TaUcD^ 

aiy  of  ConlamlnaiiU  of  Polenllal  Conccm 
Dovic  Global  ConimBnIraHoiia  Site 


1 ,1  ^Trichloio-1 ,2,2-triniiorometlune 
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Appendix  E 

TOXICITY  ASSESSMENT  FOR 
THE  HUMAN  HEALTH  RISK  ASSESSMENT 


TECHNICAL  MEMORANDUM  E 


aOSHilL 


PREPARED  FOR:  Davis  Global  Communications  Site  Risk  Assessment 
PREPARED  BY:  John  Lowe/CH2M  HILL 


DATE: 

SUBJECT: 

PROJECT: 


August  19,  1993 

Toxicity  Assessment  for  the  Human  Health  Risk  Assessment 
SAC28722.55.15 


Introduction 

This  technical  memorandum  presents  the  toxicity  assessment  for  the  human  health 
risk  assessment  for  the  Davis  Global  Commimications  Site.  The  toxicity  assessment 
determines  the  relationship  between  the  magnitude  of  exposure  to  a  contaminant  and 
the  potential  for  adverse  health  effects.  Where  possible,  a  numerical  estimate  of  the 
increased  likelihood  and/or  severity  of  adverse  effects  associated  with  contaminant 
exposure  is  included  (U.S.  EPA,  1989).  This  memorandum  provides  a  brief  descrip¬ 
tion  of  the  toxicity  values  used  to  characterize  health  risks  potentially  associated  with 
contaminants  of  potential  concern  detected  at  the  Davis  Site.  Tables  summarizing 
these  toxicity  criteria  are  also  included. 

For  purposes  of  the  toxicity  assessment,  the  contaminants  of  potential  concern 
(COPCs)  have  been  classified  into  two  broad  categories:  carcinogens  and  noncarcino¬ 
gens.  This  classification  has  been  selected  because  health  risks  are  calculated  quite 
differently  for  carcinogenic  and  noncarcinogenic  effects,  and  separate  toxicity  values 
have  been  developed.  These  toxicity  values  represent  the  potential  magnitude  of 
adverse  health  effects  associated  with  exposure  to  contaminants,  and  are  developed 
by  the  U.S.  Environmental  Protection  Agency  (EPA)  and  the  Department  of  Toxic 
Substance  Control  (DTSC).  Toxicity  studies  with  laboratory  animals  or  epidemiologi¬ 
cal  studies  of  human  popiUations  provide  the  data  used  to  develop  these  toxicity 
values.  These  values  represent  allowable  levels  of  exposure  based  upon  the  results  of 
toxicity  studies  or  epidemiologicai  studies.  The  toxicity  values  are  then  combined  with 
the  exposure  estimates  (developed  in  Appendix  G,  Ei^sure  Assessment  for  Human 
Health  Risk  Assessment)  in  the  risk  characterization  process  to  estimate  adverse 
effects  fi’om  contaminants  potentially  originating  fi’om  the  site.  Characterization  of 
health  risks  potentially  associated  with  contaminants  detected  at  the  site  is  also 
presented  in  Appendk  G. 
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Sources  of  Toxicity  Values 

The  following  hierarchy  of  sources  was  used  to  obtain  toxicity  values  for  the  human 
health  risk  assessment: 

•  California  Cancer  Potency  Factors  (Cal/EPA,  1992).  This  list  of  cancer 
potency  factors  was  compiled  by  the  Standards  and  Criteria  Work 
Group,  which  is  composed  of  staff  from  the  Office  of  Environmental 
Health  Hazard  Assessment,  DTSC,  and  the  Department  of  Pesticide 
Regulation.  These  cancer  potency  factors  have  been  used  as  a  basis  for 
regulatory  actions  or  standards  by  the  State  of  California. 

•  The  Integrated  Risk  Information  System  (IRIS),  a  database  available 
through  EPA’s  Environmental  Criteria  and  Assessments  Office  in 
Cincinnati,  Ohio.  IRIS,  prepared  and  maintained  by  EPA,  is  an  elec¬ 
tronic  database  containing  health  risk  and  EPA  regulatory  information 
on  specific  contaminants. 

•  The  Health  Effects  Assessment  Sununary  Tables  (HEAST),  provided  by 
the  EPA  Office  of  Solid  Waste  and  Emergency  Response  (U.S.  EPA, 
1991;  1992).  HEAST  is  a  compilation  of  toxicity  values  published  in 
health  effects  documents  issued  by  EPA.  HEAST  is  for  use  in  Super¬ 
fund  and  RCRA  programs. 

Toxicity  values  developed  by  the  California  Environmental  Protection  Agency 
(Cal/EPA)  were  used  in  preference  to  toxicity  values  developed  by  EPA  because 
California  regulatory  agencies  are  the  lead  agencies  for  the  Davis  Site. 


Toxicity  Values  for  Noncancer  Effects 

Noncarcinogenic  effects  were  evabtated  using  either  reference  doses  (RfDs)  or  refer¬ 
ence  concentrations  (RfCs)  developed  by  EPA.  The  RfD  is  a  health-based  criterion, 
expressed  as  contaminant  intake  rate  in  units  of  mg/kg-day,  used  in  evaluating  noncar¬ 
cinogenic  effects.  The  RfD  is  based  on  the  assumption  that  thresholds  exist  for  cer¬ 
tain  toxic  effects  such  as  liver  or  kidney  damage,  but  may  not  exist  for  other  toxic 
effects  such  as  carcinogenicity.  In  general,  the  RfD  is  an  estimate  (with  imcertainty 
spaiming  perhaps  an  order  of  magnitude)  of  a  daily  exposine  to  the  human  popula¬ 
tion  (including  sensitive  subgroups)  that  is  likely  to  be  without  an  appreciable  risk  of 
deleterious  effects  during  a  lifetime  of  exposure  (U.S.  EPA,  1989).  RfDs  are  devel¬ 
oped  for  oral  routes  of  exposure.  The  RfC,  expressed  as  a  concentration  in  air  with 
units  of  mg/m^  is  used  to  evaluate  adverse  effects  fi’om  inhalation  exposure. 

Potential  health  risks  associated  with  exposure  to  noncarcinogenic  compounds  were 
evaluated  by  calculating  a  hazard  quotient  (HQ).  The  potential  hazard  quotient  was 
calculated  as  the  ratio  of  the  intake  to  the  RfD,  as  follows: 


E-2 
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HQ 


Intake 

I^ 


(1) 


If  the  estimated  daily  intake  for  any  single  contaminant  is  greater  than  its  RfD,  the 
HQ  will  exceed  unity.  An  HQ  that  exceeds  unity  indicates  that  there  is  a  potential 
for  adverse  health  effects  associated  with  exposure  to  that  contaminant. 

A  hazard  index  (HI)  is  calculated  to  assess  the  potential  for  noncarcinogenic  effects 
posed  by  more  than  one  contaminant.  The  hazard  index  approach  assumes  that 
simultaneous  subthreshold  exposures  to  several  contaminants  acting  on  the  same 
target  again  or  having  the  same  critical  toxic  effect  could  result  in  an  adverse  health 
effect.  It  also  assumes  that  the  magnitude  of  the  adverse  effect  will  be  proportional 
to  the  sum  of  the  ratios  of  the  subthreshold  exposures  to  the  acceptable  exposure 
(the  RfD).  The  HI  is  equal  to  the  sum  of  the  HQs,  and  is  calculated  as  follows: 


HI 


i^i^  m>2^ 


(2) 


where  Ej  is  the  exposure  level  (or  intake)  for  the  i**  contaminant,  and  RfDj  is  the 
reference  dose  for  the  i*'*  contaminant.  E  and  RfD  are  expressed  in  the  same  units 
(mg/kg-day),  and  represent  the  same  exposure  period  (i.e.  chronic,  subchronic,  or 
short-term). 

Exposures  to  contaminants  in  air  were  estimated  in  units  of  mg/kg-day  (see  Appendix 
G).  Therefore,  RfCs  were  converted  to  inhalation  RfDs  as  follows: 


=  I^imglm^  X 


f  t  \ 

TDm^lday 
.  ’JOkg  , 


(3) 


where  RfD^  is  the  inhalation  reference  dose,  20  m^/day  is  the  daily  inhalation  rate, 
and  70  kg  is  body  weight. 


Toxicity  Values  for  Carcinogenic  Effects 

Evidence  of  carcinogenicity  of  a  contaminant  comes  from  two  sources:  lifetime 
studies  with  laboratory  animals  and  human  studies  where  excess  cancer  risk  is  associ¬ 
ated  with  exposure  to  the  contaminant.  Unless  evidence  to  the  contrary  exists,  if  a 
carcinogenic  response  occurs  at  the  exposure  levels  studied  (typically  high  doses),  it  is 
assumed  that  responses  will  occur  at  all  lower  doses.  Exposure  to  any  level  of  a 
carcinogen  is  then  considered  to  have  a  finite  risk  of  inducing  cancer. 
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Since  risks  at  low  levels  of  exposure  cannot  be  quantified  directly  by  either  animal  or 
epidemiological  studies,  mathematical  models  are  used  to  extrapolate  from  high  to 
low  doses.  The  linearized  multi-stage  model  for  low  dose  extrapolation  is  recom¬ 
mended  by  regulatory  agencies  (U.S.  EPA,  1986).  Use  of  the  linearized  multi-stage 
model  leads  to  a  conservative  upper  bound  estimate  of  risk.  The  linearized  multi¬ 
stage  model  incorporates  a  procedure  for  estimating  the  upper  band  slope  at  low 
doses  that  is  consistent  with  experimental  dose-response  data  (use  of  a  large  slope 
tends  to  produce  a  higher  estimate  of  cancer  risk).  Generally,  the  most  sensitive 
species  of  animal  is  used  for  extrapolation  to  humans  (i.e.,  the  assumption  is  that  man 
is  as  sensitive  as  the  most  sensitive  animal  species).  The  true  risk  is  not  likely  to  be 
higher  than  the  estimate,  is  most  likely  lower,  and  could  even  be  zero. 

Numerical  estimates  of  cancer  potency  are  presented  as  slope  factors  (SFs).  Under 
an  assumption  of  dose-response  linearity  at  low  doses,  the  SF  defines  the  cancer  risk 
due  to  continuous  constant  lifetime  exposure  to  one  unit  of  carcinogen  (in  units  of 
risk  per  mg/kg/day).  Individual  cancer  risk  was  calculated  as  the  product  of  exposure 
to  a  contaminant  (in  mg/kg/day)  and  the  SF  for  that  contaminant  (in  mg/kg/day)  S  as 
follows: 


Risk  =  Intake  x  SF 


(4) 


Cancer  risks  from  exposure  to  multiple  carcinogens  and  multiple  pathways  were 
assumed  to  be  additive,  based  on  the  EPA  carcinogen  risk  assessment  guidelines  (U.S. 
EPA,  1986). 

Each  SF  is  accompanied  by  a  weight-of-evidence  classification.  This  classification 
considers  the  available  data  for  a  contaminant  to  evaluate  the  likelihood  that  the 
contaminant  is  a  potential  human  carcinogen.  The  evidence  is  characterized  sepa¬ 
rately  for  studies  in  humans  and  studies  in  laboratory  animals  as  sufficient,  limited, 
inadequate,  no  data,  or  evidence  of  noncarcinogenicity.  EPA  recommends  that  can¬ 
cer  risk  estimates  always  be  accompanied  by  a  weight-of-evidence  classification  to 
indicate  the  strength  of  evidence  that  a  contaminant  is  a  human  carcinogen  (U.S. 
EPA,  1986;  1989).  A  description  of  the  weight-of-evidence  classification  is  presented 
in  Table  E-1. 


Summaiy  of  Toxicity  Values 

Toxicity  values  available  from  both  EPA  and  Cal/EPA  appear  in  Tables  E-2,  E-3,  and 
E-4.  llie  toxicity  values  selected  for  use  in  characterizing  health  risk  are  listed  in 
Table  E-5. 
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Table  E-1 

EPA  Weight-oT-Evidence 

Classification  System  for  Carcinogenicity 

Group 

Description  | 

A 

Human  carcinogen,  based  on  evidence  from  epidemiological  studies  | 

B1  or  B2 

Probable  human  carcinogen 

B1  indicates  that  limited  human  data  are  available 

B2  indicates  sufficient  evidence  in  animals  and  inadequate  or  no 
evidence  in  humans 

C 

Possible  human  carcinogen,  based  on  limited  evidence  in  animals 

D 

Not  classifiable  as  to  human  carcinogenicity 

E 

Evidence  of  noncardnogenicity  for  humans 

Source:  U.S.  EPA,  1986.  j 

Contaminants  Without  Available  Toxicity  Values 

Toxicity  values  are  not  available  for  all  of  the  COPCs  at  the  site.  RfCs  were  not 
available  for  acetone,  benzene,  bromodichloromethane,  bromoform,  chlorodibromo- 
methane,  chloroform,  cis-l,2-dichloroethene,  tetrachloroethene  (PCE),  trichloroethene 
(TCE),  vinyl  chloride,  and  xylenes.  Characterization  of  health  risks  for  benzene, 

TCE,  and  vinyl  chloride  was  based  solely  on  carcinogenic  effects.  In  the  other  cases, 
noncancer  health  risks  associated  with  inhalation  exposures  were  characterized  by 
comparison  with  the  oral  RfD. 

Another  vmcertainty  in  the  toxicity  assessment  is  whether  to  assess  cancer  risks  poten¬ 
tially  associated  with  1,1-dichloroethene  (1,1-DCE).  1,1-DCE  is  a  Group  C  (possible) 
human  carcinogen.  EPA  guidelines  suggest  characterizing  cancer  risks  for  Group  C 
carcinogens  on  a  case-by-case  basis  (U.S.  EPA,  1989).  Several  animal  studies  with 
1,1-DCE  have  been  negative  for  carcinogenicity.  The  EPA  has  judged  that  these 
studies  are  not  adequate  for  detecting  a  carcinogenic  effect  (according  to  the  IRIS  file 
for  1,1-DCE,  dated  January  20,  1992).  However,  the  single  positive  study  judged 
adequate  by  EPA  did  not  unequivocally  show  a  carcinogenic  dose-response  relation¬ 
ship  (one  important  factor  in  judging  whether  or  not  a  contaminant  does  cause  can¬ 
cer).  1,1-DCE  is  mutagenic  and  is  structurally  similar  to  vinyl  chloride,  a  known 
human  carcinogen.  Based  on  this  information,  EPA  classified  1,1-DCE  as  a  Group  C 
or  possible  human  carcinogen.  Since  the  weight  of  evidence  for  carcinogenicity  is  less 
for  1,1-DCE,  it  is  less  certain  that  this  contaminant  is  carcinogenic  in  humans.  Includ¬ 
ing  risks  from  1,1-DCE  may  then  overestimate  total  cancer  risks  associated  with  con¬ 
taminants  at  the  site. 
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AXES:  Air  Toxicology  and  Epidemiology  Section,  Office  of  Environmental  Health  Hazard  Assessment  (OEHHA) 

PETS:  Pesticide  and  Environmental  Toxicology  Section,  OEHHA 

RCHAS;  Reproductive  and  Cancer  Hazard  Assessment  Section,  OEHHA 


CaVEPA  Toxklly  Values  Available  for  CoBlamlnante  of  Polcntlal  Concern 
Davis  Global  Communications  Site 
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Cal/EPA  Toxicity  Values  Available  for  ConlamlnanU  of  Potential  Concern 
Davis  Global  Conunnnlcations  Site 
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Table  E-S 

Todcity  Values  Used  to  Characleilze  Health  Risks 

Davis  Global  Communications  Site 
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Table  E-S 

ToidcUy  Values  Used  to  Chafacteilie  Health  Risks 
Davis  Global  Communlcaltons  Site 


he  oral  Reference  Dose  (RfD)  was  used  to  characterize  noncancer  health  risks  from  inhalation  in  cases  where  a  Reference  Concentration  (RfC)  was  not  available 
lealth  risks  were  assessed  based  on  noncancer  effecu  potentially  associated  with  this  contaminant  (U.S.  EPA,  1990). 

'alue  derived  by  applying  an  additional  tenfold  uncertainty  factor  to  the  RfD  (U.S.  EPA,  1990). 


EPA  Region  IX  recommends  evaluation  of  the  risks  associated  with  1,1 -DCE  using  a 
modified  RfD  approach  (as  opposed  to  the  SFs  for  this  contaminant).  This  approach 
involves  including  an  additional  tenfold  safety  factor  to  the  published  RfD  for  this 
contaminant  to  account  for  potential  carcinogenicity.  EPA  Region  IX  has  stated  that 
the  number  of  negative  cancer  studies  for  1,1-DCE  is  "notable."  Five  oral  carcino¬ 
genicity  studies  have  been  conducted  on  1,1-DCE,  including  a  lifetime  joint  study  by 
the  National  Cancer  Institute  and  National  Toxicology  Program.  All  of  these  oral 
cancer  studies  were  negative.  Eleven  studies  on  1,1-DCE  evaluated  carcinogenic 
potential  via  inhalation;  10  of  these  studies  were  negative.  One  study,  by  Maltoni,  did 
produce  evidence  of  carcinogenic  potential  in  mice,  although  this  interpretation  is 
blurred  by  the  lack  of  a  clear  dose-response  relationship.  A  similar  study  by  the  same 
group  of  investigators  did  not  produce  cancer  in  rats,  even  though  doses  up  to  sixfold 
greater  were  administered.  Thus,  the  evidence  supporting  the  classification  of  1,1- 
DCE  as  a  "carcinogen"  is  especially  weak  (U.S.  EPA,  1990). 
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Appendix  F 

AIR  PATHWAY  ANALYSIS 


TECHNICAL  MEMORANDUM  F 


'HILL 


PREPARED  FOR:  Davis  Global  Communications  Site  Risk  Assessment 

PREPARED  BY:  John  Lowe/CH2M  HILL 

DATE:  August  20,  1993 

SUBJECT:  Air  Pathway  Analysis 

PROJECT:  SAC28722.55.15 


Introduction 

This  technical  memorandum  presents  a  screening-level  evaluation  of  potential  inhala¬ 
tion  exposures  and  health  risfe  associated  with  emissions  to  the  air  from  contaminants 
detected  in  soil  and  in  samples  from  the  site  production  well  at  the  Davis  Site.  This 
memorandum  describes  the  estimation  of  emissions  based  on  sampling  and  analytical 
data,  estimation  of  concentrations  in  air  associated  with  those  emissions,  and  potential 
inhalation  exposures  and  health  risks.  The  principal  contaminants  of  concern  for  the 
air  exposure  pathway  are  volatile  organic  compounds  (VOCs)  detected  in  soil  gas  or 
water  at  the  site.  This  air  pathway  analysis  was  based  on  methods  presented  in  gui¬ 
dance  documents  published  by  the  U.S.  Environmental  Protection  Agency  (EPA). 
Guidance  was  obtained  primarily  from  the  Air/Superfund  National  Technical  Gui¬ 
dance  Study  Series,  Guideline  for  Predictive  Baseline  Emissions  Estimation  Procedures 
for  Superfund  Sites,  EP A/450/1-92/002  (U.S.  EPA,  1992a),  and  Assessing  Potential 
Indoor  Air  Impacts  for  Superfund  Sites,  EPA/451/R-92/002  (U.S.  EPA,  1992b). 

Identification  of  Air  Exposure  Pathways 

Emissions,  concentrations  in  air,  potential  inhalation  exposures,  and  health  risks  were 
estimated  for  complete  pathways  of  exposiire  only.  The  two  possible  air  exposure 
pathways  are  inhalation  of  contaminants  adsorbed  to  windblown  dust  and  inhalation 
of  contaminants  volatilized  from  soil.  Observation  of  site  conditions  indicated  that 
there  were  no  complete  pathways  of  exposure  to  windblown  dust.  With  the  exception 
of  the  soil  piles,  there  were  no  contaminants  in  exposed  surface  soils.  Many  of  the 
low-volatile  contaminants  in  soil,  such  as  petroleum  hydrocarbons,  originated  from 
leaks  from  underground  fuel  tanks.  Also,  much  of  the  site  is  covered  with  annual 
grasses.  Given  these  site  conditions,  complete  exposure  pathways  from  windblown 
dust  emissions  are  unlikely.  Concentrations  of  VOCs  detected  in  soil  gas  at  the  site 
could  diffuse,  be  emitted  from  the  soil  surface,  and  disperse  in  either  indoor  or  ambi¬ 
ent  air.  Contaminant  intake  could  potentially  occur  from  inhalation  by  workers  at  the 
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site  of  the  concentrations  in  air.  Therefore,  inhalation  by  workers  of  VCMDs  emitted 
from  soil  gas  was  assumed  to  be  a  complete  exposure  pathway. 

Shallow  soil  gas  sampling  performed  in  1992  by  CH2M  HILL  provided  the  data  used 
to  evaluate  potential  inhalation  exposures  to  VOCs  emitted  from  soil  at  the  site.  Soil 
gas  samples  were  collected  from  an  area  of  approximately  4  acres.  The  samples  have 
been  collected  inside  the  main  compound  area  and  outside  the  perimeter  fence  sur¬ 
rounding  the  facility.  Samples  were  collected  from  depths  ranging  from  5  to  40  feet 
below  ground  surface  (bgs)  in  areas  where  soil  gas  contaminants  were  detected  in 
previous  investigations  (ITC,  1992)  and  near  former  underground  diesel  storage  tanks. 
To  evaluate  potential  exposures  to  onsite  workers,  four  samples  from  a  depth  of  5 
feet  have  been  collected  around  Building  4708.  All  soil  gas  samples  were  analyzed  in 
the  field  using  EPA  Method  8021.  Approximately  15  percent  of  the  field  samples 
were  analyzed  in  a  fixed  laboratory  using  Method  TO- 14.  Both  the  field  and  fixed 
laboratory  data  were  used  to  evaluate  potential  air  exposure  pathways. 

Soil  gas  sampling  locations  and  the  approximate  extent  of  VOC  contamination  in  soil 
gas  at  the  site  are  presented  in  Figure  F-1.  A  summary  of  the  soil  gas  sampling  and 
analytical  data  is  presented  in  Appendix  C,  Site  Conceptual  Model.  Note  that  the 
western  edge  of  the  contaminant  plume  underlies  Building  4710.  Building  4710 
houses  a  diesel  generator  used  to  supply  auxiliary  power.  It  is  not  used  continuously 
as  a  work  space  (i.e.,  workers  are  not  in  this  building  for  an  entire  work  shift).  Typi¬ 
cally,  the  generator  is  operated  for  approximately  1  hour  per  day.  Building  4708  is 
the  main  facility  for  the  site.  This  building  houses  office  space,  and  could  reasonably 
be  inhabited  by  workers  for  an  entire  work  shift.  Building  4708  is  located  approxi¬ 
mately  100  feet  west  of  Building  4710.  Sampling  and  analytical  results  from  the  four 
samples  collected  near  Building  4708  are  presented  in  Table  F-1. 


Tabk  F-1 

Soil  Gai  Analytical  Rcsalto  Near  Building  470S 

Davis  GMwl  Communications  Site 

Sample 

ConUminuit  (In  | 

Vinyl 

ChlorMe 

1.1-DCE 

TCE 

PCE 

Benaene 

Toluene 

Ethyl- 

bensene 

m-  and  p- 
Xylenes 

0- 

Xylcne 

RAOl-05 

<0.01 

<0.01 

<0.01 

2.8 

0.05 

0.08 

<0.01 

0.11 

<0.01 

RA02-05 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

RA03-05A 

<0.01 

0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

RA03-0SB 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

RA04-0S 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

RA05-05 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

1  Note:  1.1-DCE  =  1,1-dicl 

iloroethene; 

TCE- tri< 

:hloroetb< 

!ne;  PCE  - 

tetrachloroet 

liene 
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RQURE  F-1 

POLYGON  AREAS  AND  VADOSE 
ZONE  CONTAMINANT 
CONCENTRATION  ESTIMATES 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY.  CAUFORNIA 

CMfH/lI - 


Emissions  Estimation 


Emissions  from  Soil  Gas 

The  soil  gas  sampling  data  were  area-averaged  to  obtain  an  average  surface  flux  emis¬ 
sion  across  the  entire  area  of  contamination  shown  in  Figure  F-1.  The  area  in  which 
the  mass  estimate  was  to  be  performed  was  delineated  using  the  available  data  to 
outline  the  known  extent  of  the  plume.  The  area  was  then  subdivided  into  polygonal 
areas  using  either  the  Theissen  method  or  grouping  by  similar  contaminant  levels. 

The  surface  area  of  each  polygon  then  was  determined  using  a  planimeter.  The  areas 
around  the  soil  vapor  monitoring  wells  were  contained  in  smaller  polygons  as  these 
were  areas  of  more  intensive  sampling.  The  area  that  did  not  fall  within  the  polygons 
established  around  the  soil  vapor  monitoring  wells  was  divided  based  on  similar  total 
VOC  concentrations.  The  site  and  the  corresponding  polygons  are  shown  in 
Figure  F-1. 

Polygons  6  through  11  only  had  data  from  the  shallow  soil  gas  survey,  and  no  data 
between  26  through  40  feet  bgs  were  available  for  those  areas.  To  compensate  for 
the  lack  of  data  in  these  polygons,  the  VOC  concentration  found  in  the  nearest  soil 
vapor  monitoring  well  was  extrapolated  into  the  adjacent  polygon.  This  procedure  is 
considered  to  provide  a  conservatively  high  estimate  of  the  VOC  mass  in  these  poly¬ 
gons.  This  methodology  is  consistent  with  the  method  used  in  the  RiyFS  report  to 
estimate  VOC  mass  in  soil  for  purposes  of  unsaturated  zone  transport  modeling. 
Further  discussion  of  this  methodology  can  be  obtained  from  the  RI/FS  report 
(CH2M  HELL,  1993). 

VOCs  reported  as  not  detected  in  samples  were  not  considered  in  the  development  of 
surface  flux  emissions  estimates.  Surface  flux  emissions  were  estimated  as  steady- 
state  values  from  each  soil  gas  sample;  the  measured  soil  gas  concentrations  were 
not  assumed  to  deplete  over  time  due  to  volatilization  or  diffusion  to  groundwater. 
This  would  tend  to  overestimate  surface  fluxes  averaged  over  time.  The  highest  sur¬ 
face  flux  estimated  in  each  source  area  was  used  to  calculate  the  area-averaged  sur¬ 
face  flux: 


Q-i: 


(1) 


Qj  is  the  highest  surface  flux  in  each  source  area  (g/m^-s),  Aj  is  the  surface  area  of 
that  source  area,  A,ot  is  the  total  surface  area  of  the  approximate  extent  of  VOC 
contamination  in  soil  gas  at  the  site,  and  Q  is  the  area-averaged  surface  flux  (g/m^-s). 
The  value  for  Q  was  used  to  calculate  VOC  concentrations  in  air.  Summaiy  statistics 
of  the  surface  flux  emissions  estimates  in  each  of  the  source  areas  are  presented  in 
Attachment  F-1.  The  area-averaged  surface  flux  emissions  estimates  appear  in 
Attachment  F-2.  The  method  used  to  estimate  surface  flux  emissions  from  soil  gas 
concentrations  is  described  below. 
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Contaminant  diffusion  and  volatilization  is  the  principal  pathway  for  volatile  organic 
contaminant  loss  from  soils,  and  is  a  complex  process  controlled  by  soil,  contaminant, 
and  atmospheric  processes.  In  general,  contaminants  with  high  Henry’s  Law  con¬ 
stants  are  more  volatile,  move  more  readily  through  soil  via  vapor  diffusion,  and  tend 
to  move  relatively  independently  of  atmospheric  conditions.'  Factors  that  limit  diffu¬ 
sion,  such  as  increased  adsorption  to  soil  and  increased  soil  moisture  content,  can 
decrease  the  amount  of  volatilization  that  occurs.  Factors  that  increase  volatilization 
include  increased  soil  temperature  and  increased  VOC  concentrations  in  soil  (Jury 
and  Valentine,  1986). 


VOC  emissions  from  soil  gas  were  estimated  using  the  covered-landfill  emission 
model  developed  by  Farmer  et  al.  (1980).  This  steady-state  model  is  also  cited  in  the 
Superfund  Exposure  Assessment  Manual  (U.S.  EPA,  1988).  The  model  is  used  to  pre¬ 
dict  emissions  from  a  covered  landfill  based  on  Fick’s  First  Law  of  diffusion,  and 
accounts  for  many  of  the  processes  described  previously.  Diffusion  of  contaminants 
to  the  soil  surface  is  described  by  diffusion  relationships  developed  by  Millington  and 
Quirk  (1961).  The  model  is  presented  as  follows: 


0, 


(2) 


The  parameters  for  this  equation  are  presented  in  Table  F-2. 


Table  F-2 

Paranicters  For  EbUmating  VOC  Surface  Flu  Emissioiu 

Parameter 

Description 

Units 

Value 

Q 

Surface  emission  flux  from  source  area  i 

g/nZ-s 

calculated  from  Eq.  2 

D 

Diffusion  rate  of  contaminant  in  air 

cm^/s 

contaminant-specific 

Pa 

Air-nUed  porosity  of  soil 

unitless 

0.2 

Pt 

Total  porosity  of  soil 

unitless 

0.4 

c 

Concentration  in  soil  gas  at  depth  L 

g/cm^ 

highest  soil  gas  concentration  from  source  area  i 

L 

Depth  of  soil  cover 

cm 

sample-specific 

Tabulated  diffusion  coefficients  were  available  for  most  VOCs  in  soil  gas  at  the  site 
(U.S.  EPA,  1988;  Shen,  1981).  These  values  are  presented  in  Table  F-3.  Contami¬ 
nants  without  tabulated  diffusion  rates  were  l,l,2-trichloro-l,2,2-trifluoromethane,  and 
dichlorodifluoromethane.  The  diffusion  rates  for  these  contaminants  were  estimated 
with  the  following  equation  (U.S.  EPA,  1988): 


D^=  D 


MW 


(3) 


Where: 


'Heniy*s  Law  constant,  the  ratio  of  vapor  concentration  to  the  aqueous  concentration,  is  an  index  of  the  partitioning  of  a 
contaminant  between  dissolved  and  gaseous  phases.  The  larger  the  value  of  Heniy’s  constant,  the  more  likely  the  contaminant  is 
to  move  by  vapor  diCiision  as  opposed  to  liquid  diffusion. 
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the  diffusion  coefficient 


Di  = 

MWj  =  the  molecular  weight  for  the  contaminant  of  interest 

D  =  the  tabulated  diffusion  coefficient 

MW  =  the  molecular  weight  for  the  contaminant  with  a  tabulated  diffu¬ 

sion  coefficient. 

The  tabulated  diffusion  coefficient  for  trichlorofluoromethane  was  used  to  estimate 
the  diffusion  coefficients  for  the  other  two  contaminants. 


Table  F-3 

Difhisiod  Coefficients 

Contaminant 

Molecular 

Weight 

Diffusion  Coefficient 
at  10"C*  (cm^/s) 

Benzene 

78 

0.08195 

Dichlorodifluoromethane^ 

103 

0.08555 

Dichloroethane” 

99 

0.08557 

Dichloroethene^ 

97 

0.07442 

Ethylbenzene 

116 

0.06274 

Tetrachloroethene  (PCE) 

166 

0.06968 

Toluene 

92 

0.07367 

Trichloroethane 

131 

0.07638 

1,1,1-Trichloroethane 

133 

0.074% 

Trichlorofluoromethane 

138 

0.07391 

l,13-Trichloro-133-trifluoromethane* 

187 

0.06349 

Vinyl  chloride 

63 

0.10094 

Xylene" 

106 

0.06742 

’Source:  EPA,  1988  except  where  noted  as  calculated  value. 

^sed  for  both  1,1-dichloroethane  and  1,2-dichloroethane. 

"Used  for  both  1,1-dichloroethene  and  dS'l,2-dichloroethene. 

‘‘used  for  m-  and  p-xylene  and  o-j^lene. 

"Calculated  diffusion  coefficient 

Estimation  of  VOC  Emissions  from  Sprinkler  Irrigation 

Water  from  the  site  production  well  is  used  for  irrigating  approximately  2.5  acres  of 
landscaping.  Total  pumping  rate  firom  the  production  well,  for  both  sanitary  and  irri¬ 
gation  uses,  was  reported  to  range  from  200,000  to  600,000  gaUons  per  month 
between  1988  and  1989.  Specific  amounts  used  for  irrigation  are  not  known,  and  a 
use  rate  of  600,000  gaUons  per  month  was  assumed  for  purposes  of  estimating  VOC 
emissions  firom  water  used  for  sprinkler  irrigation. 

Based  on  Henry’s  Law  constants,  several  of  the  contaminants  detected  in  production 
well  water  would  tend  to  volatilize  as  the  water  was  used  for  sprinkler  irrigation.  A 
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first  approximation  of  the  magnitude  of  VOC  emissions  during  sprinkler  irrigation  was 
estimated  using  water-to-air  transfer  coefficients  measured  with  radon  (Prichard  and 
Gesell,  1981).  This  methodology  is  similar  to  the  one  used  by  EPA  to  estimate  VOC 
emissions  and  concentrations  in  indoor  air  from  residential  water  use  (Andelman, 

1990;  U.S.  EPA,  1991).  These  data  indicate  30  to  90  percent  volatilization  of  radon 
from  water,  depending  upon  water  use  (Prichard  and  Gesell,  1981).  The  transfer  effi¬ 
ciencies  (percent  volatilization)  among  the  different  water  uses  appear  in  Table  F-4. 


1  Table  F-4 

II 

Transfer  Efficiencies  for  Radon  for  Various  Water 

Uses  in  a  Typical  House 

Water  Use 

Daily 

Transfer 

Quantity  (1) 

Efficiency  (%) 

Showers 

150 

63 

Tub  baths 

150 

47 

Toilet 

365 

30 

Laundry 

130 

90 

Dishwasher 

55 

90 

Drinking  and  kitchen 

30 

30 

Cleaning 

10 

90 

Total 

890 

Source:  Prichard  and  Gesell,  1981. 

A  transfer  efficiency  for  showering  (63  percent  or  0.63)  was  considered  appropriate 
for  water-to-air  transfer  of  VOCs  during  sprinkler  irrigation.  Emissions  of  VOCs 
would  occur  only  during  periods  when  sprinklers  were  operating.  According  to  site 
personnel,  sprinklers  generally  operate  1  hour  a  day,  3  days  a  week  (Olgerson,  1993). 
Emissions  at  all  other  times  would  be  zero.  Estimating  emissions  as  proportional  to 
water  use  provides  emission  rates  averaged  over  all  time  periods.  The  steps  involved 
with  emissions  estimation  were: 

•  Convert  water  use  from  gallons  per  month  to  1/s 

•  Convert  concentrations  in  water  from  ftg/1  to  liquid  emission  rate,  ^g/s 

•  Calculate  vapor  emission  rate  in  /tg/s  using  the  transfer  coefficient 

Sample  calculations  of  the  VOC  emissions  during  sprinkler  irrigation  are  presented  in 
Attachment  F-3. 


Estimation  of  Concentrations  in  Air 

Concentrations  in  air  associated  with  VOC  emissions  from  soil  gas  and  sprinkler  irri¬ 
gation  were  estimated  using  screening-level  models  based  on  conservative  assump¬ 
tions.  Estimated  inhalation  exposures  to  VOC  emissions  were  based  on  the  assump¬ 
tion  that  an  individual  was  located  over  an  emissions  source  for  the  entire  duration  of 


RDD10012A3A.WP5 


F-7 


exposure  (in  this  case,  8  hours  per  day,  250  days  per  year  for  25  years).  Since  there 
are  structures  located  over  VOC  contamination  in  soil  gas,  screening-level  estimates 
of  concentrations  in  both  outdoor  and  indoor  air  were  developed  for  purposes  of 
estimating  inhalation  exposures.  The  following  sections  describe  the  methods  used  to 
estimate  VOC  concentrations  in  outdoor  and  indoor  air. 

Estimation  of  Concentrations  in  Outdoor  Air 

Concentrations  in  air  from  emissions  from  an  area  source  (such  as  surface  flux  emis¬ 
sions)  are  expected  to  be  highest  at  the  source  and  decrease  with  increasing  distance 
from  the  source.  Therefore,  the  screening-level  approach  for  evaluating  concentra¬ 
tions  in  outdoor  air  from  VOC  emissions  from  soil  gas  involves  calculating  concentra¬ 
tions  over  the  source  area.  Standard  atmospheric  dispersion  models,  such  as  the 
Industrial  Source  Complex  -  Short  Term  (ISCST)  and  SCREEN  models,  are  not 
designed  to  calculate  concentrations  in  air  over  an  area  source.  EPA  has  recom¬ 
mended  use  of  a  "box"  model  for  calculating  concentrations  in  air  over  an  area  source 
(U.S.  EPA,  1986;  1991).  In  the  box  model,  concentration  in  air  within  a  defined  box 
is  proportional  to  the  emission  rate  and  wind  speed  across  the  source  area; 

^  ^  Q  X  Ax  l.OOOmg/g  (4) 

"  LxV  xH 

The  parameters  for  this  equation  are  presented  in  Table  F-5. 


Table  F-5 

Parameters  for  Esttmatiiig  VOC  Concentratioiis  in  Outdoor  Air 

Parameter 

Description 

Units 

Vaiue 

Co 

Concentration  in  outdoor  air 

mfjm? 

Calculated  in  Eq.  5 

Q 

Surface  emissions  flux 

g/m^-s 

Calculated  value 

A 

Source  area  surface  area 

10,000 

L 

Width  of  source  area  perpendicular 

m 

100 

to  wind  direction 

V 

Average  windspeed  within  the  box 

m/s 

23 

H 

Box  height 

m 

2  1 

Values  for  Q  were  area-averaged  surface  emission  fluxes  estimated  using  the  methods 
described  in  the  previous  section.  The  approximate  extent  of  soil  gas  contamination 
was  estimated  to  be  10,000  m^  as  shown  in  Attachment  F-1.  The  value  for  L  is 
assumed  to  be  the  square  root  of  A.  The  value  for  V  was  based  on  an  annual  aver¬ 
age  windspeed  of  10  miles  per  hour  for  Yolo  County  (see  Appendix  B,  Site  Back¬ 
ground  Information).  As  recommended  by  EPA,  the  average  windspeed  within  the 
box  is  assumed  to  be  0.5,  the  annual  average  windspeed.  TTie  value  for  H  represents 
the  breathing  zone  for  an  individual.  Concentrations  in  outdoor  air  estimated  with 
the  box  model  are  presented  in  Attachment  F-2. 
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Estimation  of  Concentrations  in  Indoor  Air 

Concentrations  in  indoor  air  were  estimated  for  Building  4708.  VOCs  were  detected 
in  shallow  soil  gas  samples  collected  from  the  periphery  of  Building  4708.  Estimation 
of  indoor  air  concentrations  are  based  generally  on  the  following: 

^  ^  E  X  UOOOmgIg 


A  simplifying  assumption  used  in  estimating  E  is  that  soil  gas  enters  a  structure  only 
by  dif^sion  (differences  in  air  pressure  between  indoors  and  soil  gas  may  be  a  more 
important  process  in  soil  gas  infiltration  into  buildings).  Emissions  into  the  building 
can  then  be  estimated  as: 

E  =  Q^x  A  X  F  (6) 

The  value  for  can  be  estimated  as  follows: 


^  ^  ACH  X  V 
3€OOslhr 


(7) 


The  parameters  used  in  these  equations  appear  in  Table  F-6. 


Table  F-6  | 

Parameters  for  Estimatiiig  VOC  Concentratioas  in  Indoor  Air  | 

Parameter 

Description 

Units 

Value 

Ci 

Concentration  in  indoor  air 

mg/m^ 

Calculated 

E 

Contaminant  infiltration  rate 

g/s 

Calculated 

Qv 

Structure  ventilation  flow  rate 

1.26 

Q 

Surface  emission  flux 

g/mj-s 

Calculated 

A 

Floor  area  of  the  struaure 

m^ 

1,858 

F 

Fraction  of  floor  area  through  which  soil 

unitless 

1 

gas  can  enter 

ACH 

Structure  air  changes  per  hour 

1/hr 

1 

V 

Struaure  volume 

m3 

4430.5 

Values  for  A  were  estimated  from  the  building  footprints  presented  on  site  figures. 
Values  for  V  were  estimated  assuming  an  8-foot  ceiling  height.  Values  for  ACH  for 
single-family  residences  reportedly  range  from  0.5  to  1.5.  These  '  ’“.s  could  range 
from  0.5  to  0.8  in  an  energy-efficient  structure  (U.S.  EPA,  1992b;  Mueller  Associates, 
1988).  ACH  was  assumed  to  be  1.0  for  the  structures  at  the  site.  The  highest  surface 
emission  fluxes  estimated  in  Source  Area  No.  5  were  used  to  estimate  the  contami¬ 
nant  infiltration  rate  in  Building  4710.  Surface  emissions  fluxes  estimated  from  the 
soil  gas  concentrations  presented  in  Table  F-1  were  used  to  estimate  the  contaminant 
infiltration  rate  in  Building  4708. 
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Another  simplifying  assumption  used  to  estimate  values  for  E  is  to  set  F  =  1,  which 
corresponds  to  dif^sion  of  VOCs  into  a  building  from  a  bare  dirt  floor.  Radon 
measurements  indicate  that  values  for  F  range  from  0.7  to  1.0  for  single-family  homes 
with  ventilated  crawl  spaces  (Nazaroff  and  Doyle,  1985). 

Concrete  slabs,  which  are  a  common  floor  surface,  are  likely  to  be  less  permeable  to 
soil  gas  than  bare  soil;  therefore  it  appears  reasonable  to  assume  that  F  <  1  for 
estimating  emissions  into  a  structure  on  a  concrete  slab.  One  assumption  is  that 
F  =  0.001  (U.S.  EPA,  1992).  This  assumption  is  based  on  data  indicating  that  the 
typical  California  home  has  exposed  area  of  2  to  10  cm^  per  m^  of  floor  space 
(ASHRAE,  1989),  and  data  indicating  that  the  area  of  cracks  in  a  slab  is  0.01  to  0.1 
percent  of  total  floor  space  (Turk  et  al.,  1986).  Another  assumption  used  is  that  soil 
gas  enters  a  building  only  through  a  0.5-cm-wide  crack  around  the  building  perimeter 
at  the  slab-wall  interface  (U.S.  EPA,  1992b).  Note  that  this  approach  results  in  F 
becoming  smaller  as  floor  area  increases.  The  technical  literature  does  not  support 
the  use  of  values  of  F  <  1  based  on  percent  cracked  area  in  the  concrete  slabs  for 
estimating  the  attenuation  of  VOC  emissions  into  structures,  and  their  use  is  not 
recommended  (U.S.  EPA,  1992b).  Soil  gas  intrusion  into  structures  through  floor 
cracks  probably  occurs  through  a  "chimney"  effect  based  on  differences  in  pressure 
between  soil  gas  and  indoors,  and  it  may  not  be  appropriate  to  estimate  VOC 
emissions  through  floor  cracks  using  emissions  models  based  on  diffusion. 

Calculations  of  the  indoor  air  concentrations  in  Building  4708  are  presented  in 
Attachment  F-4. 
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Attachment  F-1 

Summaiy  Statistics  of  Surface  Flux  Estimates 
in  Each  Source  Area 


—  O'  aOvO  —  5 

—  —  —  —  —  r^j—  Cvl 


O  O  — 


s 

mm 

5 

e^i 

fM 

— 

rs 

jl: 

•  r  > 

MM 

UJ 

u: 

nC 

30 

r^ 

30 

30 

P 

r^ 

\r\ 

£ 

£ 

— 

*r{ 

*r{ 

tTi 

— 

— 

rs 

sb 

30 

S  2  ?i  5 

—  —  #N  —  fN  C 


2  -  C 


O  'C  30 

^  ^  »rj  ^ 


rr  —  r^  —  3N  O  —  * 

•■•  "  ^  ^  ^  ^  •"  •“  O  ^  '7'  ^ 


- 2 


^  g\  (Ni  r-  ^ 

>c  O  <0  — 

rr  30  >C  — 


2  rM  >  —  C 


S  3 

1  a 
S  I  M 

^  cq  4^ 

2  >  -o 


r*Ooo  —  t/^O  —  ^oonO'CS?^ 


—  —  «gO  rJ 

uuuujuujujuujl^uju  uu 

—  <^00^'OC<^5«ri"«f^  rsi 

O30r*<^w^fSf^p^f^f^  — 

od  —  in  —  —  —  —  —  <N  fsi 


uuiLtiuiuuuuuiujtju  u]  ui '  u ! 

r^fnoop<NOQ50^r^  <n' 

sOpr^^-^r^^^pfsO'C  — 

—  odfsifn  rsi 


.  .'3pTTVT“" 

r^'£)S!3>fM2:in^--Os 

f'4C5'0^5rnpr^*SF 
^abZ^>d3>^r4^3brsi  — 


— 

o 

rsi 

fN 

r4 

00 

Q 

mm 

M 

M 

“• 

• 

o 

M 

u 

u . 

UJ 

u 

Ui 

u 

u 

Ul 

UJ 

OV 

r^ 

r^ 

fN 

00 

■“ 

f^ 

>o 

<N 

30 

00 

— 

(si 

— 

m 

<N 

rs 

(N 

<si 

rs 

o 

•“ 

•"  ' 

* 

M 

— 

•— 

u  .u 

U1 

U]  . 

u 

Ul 

u 

tu 

u 

s 

fM 

<N 

rsi 

\r\ 

p^ 

'O 

»r> 

'C 

fn 

p^ 

r^ 

r4 

■ 

— 

— 

M. 

rsi 

•  «/% 

r  — 

fM 

— 

r*^  O 

O  <N  — 


uau:uu:u: 

^  90  ^ 

0>C  ri>CfMrM—  O 

—  r'i  ^  ^  — 


—  —  fsig  — 

aoSf^r^^ss^fNtr^f^  —  s  — 


Uii  ^  ^  UJ  Lm 

3s  —  ^ 

-c  —  i  r^ 

«c  ^ 


UJ  ^ 

^  “  >o 


—  ^  — 


S  3 
a 

E  £  ui 

1  3  a  - 

■3  "s  u 

2  >  ‘Q  “' 


ui  UJ  u  ^ 

f-  ^ 
sC  CM  O 


Ui  Ud  U2- 
'C  ^ 
<N 


—  —  ^  —  O  .  rj 

ii)  W  ui  tu  U  tu . 

O  (N  'A  p  r^ 

p  <N  ^  p  <n 

wK  rsi  ,>0  00  rsi  — ^ 


<si  fM  —  rsi 

uj  UJ  UJ  u  :u} .  ti]  i 

«N  rs  ^  O  —  T^ 

p  p  p  ^  rsi  r^ 

— i  —  r4  M-i  —  ' 


P  P  ;Q  ;f^ 

^  V  o  :oo  oe  ; 

d  d  :—  d  d  d  1 


m  uu 

00 

O  TT 


I 


'm  i«n  '— 1«  :xe  I—  .'<o  ,m  i>o  '« Ivo  j—  ir 


i  !  I 


ulpc 

<I(S  U  U1 

X  r4  Z  Z 

h  -■  <  “ 

SSS& 

ssss 

gsss 

Sell 

-.n.9  9 


|u 

'  Z 

'-'  s  ^ 

ggg 

i3§ 

to  h 

O  u  >• 


I  ^^.9 

Sizi 

>  d  u  ^ 

I  M  •J  ^ 
I  ^  >•  g 

X  E 

OIH 


u)  lat 

Z  H 

<  rs  UJ  B1 
|2<2 
S  6  E  ^ 

Of  o:  u  (o 

sssi 

S52S 

Isil 

^  r*Qa 


UJ 

z 

,^>tO 
'(O  Ivi  N 
Z  lee  IZ 
<  lU)  !UJ 

'9  <s 

'“iQ  id 

z-l 

Si©  lio 

oiziS 

=>  ©io 
sd^iri 
5  sb 
“  S  S  iZ 

§2>!3 
§=;2> 
a!a''z"6 


dSlJ 

i!J9! 

1^11 


LL  W 

^  \r\ 

00  ^  rn 

Tt  00  — 


o 

c 

2 

c 

fN 

rN 

rs 

rsj 

* 

o 

•• 

“• 

mmm 

•OT 

— 

— 

u 

uj 

u 

uu 

u: 

UJ 

’M 

u 

I  r  I 

(N 

X 

Ci 

O' 

O' 

sr> 

>V 

»ri 

X 

— 

— 

rsi 

d 

— 

rs 

X 

o 

c 

s 

rvi 

_ 

f^. 

rs* 

rvj 

•• 

•m. 

*“ 

■“ 

•“ 

— • 

mm 

iii 

UJ 

UJ 

u 

lU 

u: 

u 

LU 

u: 

UJ 

UJ 

00 

CM 

Si 

X 

X 

w^. 

X 

X 

?N 

OS 

— 

* 

sC 

•• 

d 

d 

—  —  —  ^ 

UUUiUi'UJUJLtiUJLU 
^  —  irjf^oo  —  o  — 

—  P  *7  ^  P  P  ^ 

^  ^  ,f^  M 


fsi  ^  (SI  r4  —  <N  I 

T  "T  T  'T  T’T  T  *7  "7 

Ui  :uj  'U  U}  UJ  ,U  UJ  UJ  u 

r^  —  —  Os 

•A  (N  o  I—  m  ^  — 

—  --  —  — •  fsi  (si  ^ 


Os  o  Q  r^  Ov  o 
rsi  o  ^  00  m  !(N  o 

d  '—  o  d  d  d  :6  —  d 


M  :  I  ;  i 

:  i  t  (  I  i 

I  !  j  I 

!  !-!-  :c 


(S  !«•  ifN  jm  1^  i—  ;«—  I 


(  i  (  t  i 


i 


u 

Iz 

U.l“ 

uileo  N  S' 

ziee  z  g 

<ls  H  a 


U  (U 

^  z 
<  u 
X  X 

121:3 

ss 

S2« 

||g 

Q  PiS 


5  -  X 

o  fe  te  d 

2  o  H  i 
o  2  £  £ 

3  3  O  S 

fe^^-S 

S  S  ”  Q 

O  §  W  2 

OS  J  z  s 

X  ?  >■  pe 


u  u 

P  z 

H  U 

^  _1 

s  >• 


§12 
o  2  X 
igxu 

►  Q  r  \  “P 


I 


>  ^  IS  Z 

ie@> 


^  30  r-  —  w' 
30 


o  “ 

M  mJ  uii  Uri 
O'  >C  ^ 
•T  —  q  30 

^  f^‘  — 


rirso  —  — 

^  U  UJ  ClJ  UJ 

^  ^  ^  ^ 

r»^  'C  O'  rj  00 

\r\  ^ 


^30  r*  ^  'O 

rM  m  ^  ^  ^  'C  O 

rvi  — ^  C  O  — •  O  rj 


Maximum 

value  ul 

delects 

2.72E-I1 
I.88E  11 
9.36E  10 
4.95E  11 
1.98E  ID 

*M 

E  ® 

<N  rs  rj  rsi  f'l 

C  tA 

tu  U]  UI  UI  u 

.2  OJ  S 

O'  O'  ^  <N  fN 

e  a  u 

—  >0  'O  >0  00 

-2  >  -o 

^  —  'C  <N  <N 

—  fs  2  rM  o  X 

u:  ui  uj  uj  LU  ^ 

3«^  ^  »rv  S 

r^  fN  o  rs  S 

—  r^  <N  00  —  — ; 


—  ^  g  —  o 

Lti  UJ  tU  Ui  UU 

00  f«>  «  >c 

q  V*|  P  ^  00 


—  —  fM  «N  n  rM  <N 

111  U1  U1  ui  U1  U1  ui 

O  rsi  r^  »A  ^  r* 

•A  fM  r^  ^  r*- 

»ri  —  r^* 


1  •  .  i  ' 

j  !  .  '  ;  ■ 

.  :  •  1 

ifNj  ’in  im  1^ 

i  :  1  ; 

'  .  !  1  ■  1 

!  '  1  i  :  : 

im  1 

i  1  ; 

ttl 

k! 

uT 
z 
u 
u 
>- 
s 

tu 
o 

'  ae 

2  5 

gzS 

is* 

Si?? 


VOC  Surface  Flux  Eslinuies  by  Soil  Gas  Sample 
Oavis  Global  Communications  Site _ 


w 

X 

u 

w 

D 

Cb 

Cb 


VUC  Surface  Flux  Eslimaies  by  Suil  Oas  Sample 
Davu  Global  Cummuiiicaiiuiis  Site 


w 

X 

u 

w 

o 

Cb 

Cb 


I 

I 


I 

I 

I 

I 

I 


I 

I 


w 

ij 

X 

u 

M 

3 

Cb 

Cfa 


VOC  Surface  Flux  Esiimates  by  Soil  Gas  Sample 
Oavis  Global  Conununicaiions  Site _ 


I 


M 

X 

td 

W 

3 

Cb 

Cb 


i  i 


lie 


a  31 


i  ^ 
I  ^ 


If 


3iE 

a 

5, 


X  S  S  2  ^  ^  3b  S  2  2  2  ^  2  ^  2  x  ^  x  *”  x  ^  2  2  2 


5 


=  ;?  j  =  p  =  « 


r*  ^ 


;£222^22^x;X5*2;£2iX!C  —  ^2222;£222222^x^21^222^ 
“5S3'''22'^x'^x2x'*'*‘‘'^^‘^*'^‘'^xx2^**2^22“x“’x^2x2'^ 


—  555  —  52  —  5  —  555  —  cc^S  —  5555  —  555S55  —  5  —  5  —  ***  — 


*^:22x  —  x2*x^x2* 
«n— ’  —  —  ^  —  —  'C'^'/^  — 


5r>«*— 

^  ^  — 


s  X 
X 

—  *ri  r»  — 


^  ^  ^ 

2  S 
—  —  ^ 


§222Sa222222SSSSSg2SS5535S5SS5£S55S2225 

cosseooooos6oo6s6soo6oosoeocccs 


3  O  3  S 


fs4  rs4  rsi  fN  «N 


'M  ^  'S 


2  2mm 

'(  Z  Z  Z  ')  Z  Z  »  Z  )l  Z  Z  Z  X  *)  M 


222  2  22  2  2  222 

)l  II  )l  M  z  Z  Z  >1  11  II  Z  11  Z  Z  'I  Z  'I  Z  *»  Z  Z  Z  1 


s  =  =  =  S  = 

3  == 

3 


—  ^  ^ 

3  3 


^  r-  ^  2 
3  3 


:«  3  ^  » 

^  M  m 


5.5j3^SS|rS3rs^S  =  =  ;» 
=  i^_  r-a-S  — 

=  5  =  2  % 

= 


^  ^  ^ 
z  z  z 
<  <  < 


U  VI 

Z  ae 

s  I 

!zs 

s  r 


z 

u 

UJ 

UI 

u 

UJ 

i 

u 

z 

z 

z 

z 

z 

s 

1 

X 

'M 

UJ 

UJ 

UJ 

N 

N 

N 

M 

N 

X 

2 

z 

Z 

z 

z 

z 

(• 

tti 

w 

u 

UJ 

UJ 

a. 

m 

x 

x 

X 

X 

3 

X 

o 

2 

ui^ 
5^ 

u 

> 
X 


V)  V) 

ae  ae 

Z  Z 
*  o 

X  ;£• 

o  o 

2  Z 
2  2 
VS  vs 


iii  'Ji 
Z  Z 
U4  UJ 
N  N 
Z  Z 
U  UJ 
a  flo 
.j  ^ 
>-  > 
X  X 

!:!: 

2  2 


o  5  5 

ec  X  ac 


uj  m  ta  la  a 

sklkkkk! 

S  '2  is  S  iS 

.  z  z  z  z  z 

S  U]  u  U  lU  U] 
3  ->  _j  _j  _) 
>•>>•>•>■ 
X  ^ 


'JJ  U  U3  'M 


UJ  U2 


^  ^  ^  PN  PS 


UJ  U] 

Z  z 

U  U} 

xJ  xJ 
>  > 
»<  X 
eL  ei 


2  2  Z  2 

'C^r4^««r4^2e 
^^<A33  —  'OV>00<Cvn3 


axSllS^^SS 

i-iisis 
=  2SSS2 

Z  X  X  X  X  X 

S  Q  o  O  U  U 

5£ 


U  X  X 

z  z  z 

Ui  Ui  u 

xJ  xJ  xJ 
>  >  >  . 
X  X  X  X 
6  6  6  6 


H  K 


>0  ^  ^  « 


w 

u 

UJ 

ttl 

X 

z 

z 

z 

Z 

z 

ui 

UJ 

UJ 

w 

X 

2 

2 

2 

2 

2 

2 

2 

.J 

2 

X 

? 

? 

? 

? 

p«< 

oe 

« 

p* 

<0 

2 

3 

1 

1 

Uj  U  UJ  U2  U 

z  z  z  z  z 

u  u  uu  u  u 

2  2  .J  2  U 

>.>•>>> 

X  X  X  X  ^ 

Eij  lu  ui  w  uS 

O  O  O  O  O 

ae  K  ax  at  oe 

22222 

z  X  X  X  X 

u  u  ^  u  ^ 

5  S  ax  5  ax 

I-  H  S-  I-  H  > 


uiuiuuidaxaxax 

-J-JZZZHHf- 

gOOOOOOOOH 

S^XmXmXXXXUi 

QQQOOOOOO 

■Sxxxxxxxxo 

^aoSexaxaxacaxr- 
2  “  -•  • 


^  ^  <N  ^  'C 

V  ^  4  r! 


r43«*XZfs3^^Zrs9>— 


2S‘"2SS£'"23f'«2gfS'"2S2S'«2S2S’"2gS2S?!^SP?^:gR 


s  s 

kk 
9  9 


S!SS!S?S!»S!S!S^S!S!S;S(S!c;c;»S!S&SSSS{S!s;fiS^^^^^S!??S!? 

SiSiSiQQSfSiSfQviuiSlQQSSiStQQifienviOOuientfiOOQQOcoOQc^O 


oeaeaer'r-oeaeaet^aoaoaa^i^ae 


r~  1^  00  oe 


p-  r^  go  00 


p-P'r-r-p-Or'r- 


2 
s  r< 

o  X 


A 

sea 
9  T  ':• 


9  r 


9  T  <:• 


«  2I 


-r,.  ^,.  ^..  9?^  9=??  9  = 

pofNMS'fsroro'fNrorg'SMMM'SMiNN’SMja 

oao'^soooxoooS'^oooS'^oooS”Ow 

V)Mona<UMMMU(nM3)UOboo9jMUUiMSnMUXLWM 


2'^29v,4'^<«S9 

<?zr*x'?Sx'?ox 

XbOAiUOiMUXL^U 


eI 

II 

I 

I 

I 

I 

I 

I 

J 

I 

I 

I 

I 

I 

I 

I 

I 

I 


V) 

X 

Cd 

M 

3 

Cb 

Cb 


t  hf,  I  /(,()/ HO 


vex.'  Surface  Hua  bsumaieii  by  SuU  Gaa  Sample 
Davia  Global  Cummunicaiions  Sue 


M 

J 

X 

u: 

3 

iX4 


VOC  Surface  Flux  Eslinulcs  by  Soil  Gas  Sample 
Davu  Global  Coimnunicatiuns  Site _ 


C  S  »<“•  s  •^. 


ii  .t  ii  -►  iU 


'''^*55S"‘33*533*533*“*S*5'^'2'*‘2“2S''**9?2S*"‘"*’S 


SSSSSSSSS  —  ?  —  5  —  55  —  s^  —  ** 


X  'ii: 


'‘*'^^S55'^S5^3232332'“22SS*5*2*22*'®25552 
—  —  —  —  —  —  —  —  —  —  —  —  — 


5i3i=55S555 


E:^i&Ci^^2825C:C:C;^CiCi^§28S2S2252S§5^§fi38a62fi52J^555 

ccssdscsasccssjsossssosoocobooocisssssscc 


0022  2  2  22 

'I  iizzz'izziizzzzzzz«.zzzziiziiziizzii  H 


2  2  2  2 
Z  t)  z  z  z 


XX030«^SOX0003S 
^  ^  ^  2 

^  (^4  2  5 


Hi  X  Hi 

z  z  z 
<  <  < 


^OOOO^O^O^OO^mC 


S  3  S  O  3 


g  3  3 
-  Z  r^ 


XXX 

z  z  z 
UJ  u  u 
X  =  X 
W  P  H 

XXX 

o  o  o 

06  et  06 

sss 

Z  X  s 
u  u  u 
a  Q  a 


WllJUlWUUUlw 

ZZZZZZZQ 

U)U)UUUJUUJ2 

NNNNNNNx 

ZZZZZZZu 

cuuiuiuuuiug 


V)  V)  v> 

St  at  ac 
W  LU  u 

z  z  z 

sss 

XXX 

o  o  o 

2  :e  z 

3  2  2 
V)  M  CO 

XXX 

z  z  z 

w  u  u 

XXX 
>  >  > 
XXX 
Ou  flu  fib 


V)  CO  CO 
oe  oe  fi£ 
u  u  u 

z  z  z 

sss 

U.  U.  X 

O  O  O 

z  z  z 
2  2  2 
CO  V)  M 

u  u  w 
z  z  z 
u  u  u 

XXX 
>  >  > 
XXX 
fib  fib  Ob 


Z  Z  Z  Z  Z  Z 


XXX 

k  k  k 

^  X  X 

z  z  z 

XXX 


H  H  H 
UJ  UJ  Ui 

coo 

cc  et  at 


U  O  O 

lElnli] 


«  -  5  3 ;;  ?  3 ;;  5  ?  s 


^  oe  ^  « 


3  3  ^ 

^  ^  rM 


^  ^  oe  >e  90 


^  ^  00  «  X 


9  ^  ^  ^ 

r  'r  f4  ri 


<NXr0Xv^r^XV^<*tf*>X<O«<^QQ3r*^XV^tr>OQ3(nxv^«/^03PX<oy^O 


^  «r>  ^  — 
X  *ri 


r^9^x3«>x0'0xx0«o«n009x0«^*<^000x0<^*^0030«o«n003x3b^ 

«nfn<N  —(n  —  mr*  —  in  —  fnr*  —  in  —  in  —  r^  —  miN 


r^r»XX0XX0XXX03009XX00ee0XX00000X00003XX3 
IN  —  IN—  IN—  ININ—  IN—  IN—  —  IN  — 


SiggasSagjSSiSgsiSSiSS^SSiSSJSS^SigSiSig^ggSSSi^^S 

^b:i^b:i&^^&biihihiS3&g}&S3^b:iS3S;g}&&^^S3&&&3i^SiS3&&S]^iS] 


f^r*r*XfNXXxr*r^ 


X  X  X  r- 


^•>  X  IN  X  X 


C  >02030  CC^So  Sa^So  22o3o  “5 

52S2gS£Sgg2g88g8S2SSS8852SSSgS£SggSSg2g 


in  jj  3  S  e 
9  9  T  r*  T 


(  f.  f.  I  /  f>  0  /  8  O 


V()C  Suifaci:  Flux  Esiinuies  by  Soil  Gxs  Sample 
Davis  Global  Communicalions  Sue 


f  I  /fSO/BO 


w 

X 

bi 

s 

Cb 

Cl. 


s 

w 

K 

I 


8 


(TN 


OH/OS»/  I  <J9  i 


VOC  Surface  Flux  Eslimaies  by  Suit  Uas  Sample 
Davis  Global  Communicatiuns  Sue 


w 

X 

Cs] 

M 

3 

Eb 

Eb 

M 

Q 


VOC  Surface  Flua  Ealimaies  by  Soil  Gas  Sample 
Davis  Global  Conunuiucaiiuiis  Site  _ 


—  '*•4  C 


255S5255553Sx5SS59SS5 


^  r-  '/“■ 


C  -C  C  •T 


«r  —  -c  —  —  — 

-I  t  -a  f-  *  5  S  - 


xxsxxs^^ 


M  »  M  M  m  X 


—  —  —  —  —  —  —  —  — 

—  ^  —  —  —  —  —  —  —  ^  —  —  —  ^^C^SSSSSSS^ 

sddssdsssssscsciscsssiosssodsssossscccsci 


S  5  ?  5 


^0C9S33SC9S03e399 


90909S9d30CSCSSSS 


u  u  ;xj 

bi  H  y 

H  H  H 
U  UJ  UJ 

z  z  z 

UJ  Ui  Iti 
-J  u  ^ 
>  >•  >- 
Z  Z  X 

^  ^  b> 

u  u  u 
O  O  O 
ec  ec  ec 
O  O  Q 


2  d  a  a  y 

Q  O  5  5  os 
HHHHH 

X  <o  X  X  ^ 


U  U  U)  U  UJ 

z  z  z  z  z 

U  U  u  u 

Z  Z  Z  X  X 

u  u  ui  !li  In 

0  0  0  0  0 

ae  ac  as  oe  oc 

q  q  o  o  q 

XXXXXZZZZZZZ 

UUUUUUUUIUIUJUUJ 

qSSSSnnnnnnn 

““““‘rzzzzzzz 

—  —  —  —  —  uj  aj  aj  w  tti  a  ID 


xxx^x-cxxxxx 


XX^X^X'CXXX 


1  ^  1  « 


oeoo<noo3oeo90<nooeeoosooooooee«io<no3oao3S 


333333333333333333333333333333333333333 


S!S;S!SSS^9S!S!SSSS!S!S!|^S8!S!S!S!S!!SSSSSS!S;!S!S!Sr!S!SS;SSS 

XMXMMXXCOOlCnCflXMXXMXXMMXXXMMMMCOXXXXXCOXXCAXX 


VOC  Surface  Flux  Eslimaieii  by  Soil  Gas  Sample 
Davis  Global  Cumtnuiucaiions  Sue 


w 

X 

cii 

CO 

D 

Cl. 

Cb 


()H/II<)/  1  yy  j 


VOC  Surface  Flua  Esiimaies  by  Soil  Gas  Sample 
Davis  Global  Communicaiiuns  Siie _ 


« 

X 

u 

w 

D 

Db 

b 


i-i  .  ^ 


S  -  5  5  §  2 


;?S5i  =  |ya?5|i  =  i  =  *5?  S 


s 

c 

S 

s 

X 

X 

3 

s 

•r 

X 

>c 

3 

3 

g 

3 

X 

2 

sr, 

IT; 

\r-. 

5 

s 

16 

s 

C 

X 

X 

X 

5 

« 

X 

X 

« 

f 

s 

*• 

♦ 

— 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

;i.’ 

a 

4- 

a 

•  • 

♦ 

M 

■r' 

X 

X 

X 

H 

X 

X 

= 

s 

= 

X 

2 

X 

s 

5 

5 

r- 

*T 

s 

5 

W* 

5 

= 

•r 

3 

= 

= 

3 

3 

3 

5 

•^4 

= 

c 

<^4 

” 

•“4 

«/^ 

•y 

<a>^ 

^  s 

'il 


3  s 

^  S  e 


a  ^ 

e  f 


Jill 


■2  f 

Ui  Q 


& 

5 

it 


S  2 


-  •^“2*®*-'*2*i5^** 


3  3  3 


SSKSSSMX 

—  r**  ac 


r*- 


30aoacr^r>'r*r*‘r«*r«‘r-p«*r«-r' . 

f^.  I-*. 


^*M^«*^^^xae3eaoaQaQ30aQa6acaeaex 

333333333333003333333333333333303333333 


aoaoxoexxxaeaosoaesexxacseaeaoaoaeao 


p  £  a  a  n 
Z  II  7  z  z  z 


a 

z 


a 

z 


—  O  M 

II  II  II  N  Z  M  Z  Z  11 


xxxxxxxxxxxxxxxx 


aa  D  aaa:i  oo  ^ 

Z  Z  II  Z  )l  Z  Z  Z  Z  II  Z  Z  II  <1  'I  z 


3^3333^333i<xm^3533«-^  —  >r\  —  33r^3t©»0®»33^r«-x 
3  O.OO^'OOO  33  3  —  33 

3  3  33*333i  3333  33  3  333 


U  Uj 

z  z  z  z 

U  UJ  U]  UJ 
N  N  N  N 

z  z  z  z 

U  Ui  W  UJ 
CD  fi  flO  ffi 


>>->>• 

I 


H  H  H 
UJ  Ua  U 

Z  2  2  2 

5  5  a  3 


'M  ui 

z  z 

UJ  U] 
N  N 

z  z 

UJ  u 

a  a 

>-  > 

s  s 

[:;!:: 

z  z 

q  5 

<N  <N 


uj  M  m  uj  ttj  uj  biU  m  fi?  tj?  m  ti}  M  'u  m  m  m  a 


uT  uT 

z  z  z 

u  u  u 

•J  ^  ^ 

>•  >  > 

pSpS^gp 

U  U]  U]  u 


U  UJ 

z  z 

u  u 

.J  ^ 

>  > 

XX _ 

5^255 


k^kikik 

S'  ^  ^  u 

z  z  z  z 

U  U  UI  u 

u  ^  u  u 
>->>•> 


S  S  i 
z  z 


s  s  s  s  s  s  s 

_  zzzzzzz 

>>>>>>>>. 

....  ..... 


12^ 


U  iU  U  ID 

z  z  z  z 
w  u  u  u 
a  a  a 
>  >  >•  > 
X  X  X  X 
6  6  6  6 


iU  Ui 

z  z 

lU  UJ 

a  a 

X  > 
X  X 


SSSiSSSSSSi 

S2332323223 

zzxxxxxxxxx 

uuuuuuuuuwu 


ilii 

o  o  o  o 

a  a  a  a 

2322 

X  X  X  X 

u  u  u  u 


>• 

.A 

2  2  2 

a  a  a 

2SS 

XXXUWUiUUUJUUUUUU 

UUUZZZZZZZZZZZZ 

<<2uauuuuau]uuua 


^  ^  1 

luiliii 

Izi 

Is 

d  1 

isl 

ISi 

ei  1 

Is  1 

^  . 

Is! 

Isg 

a2  . 

Is; 

e2 

Is 

ei  a 

Is  Is 

a  1 

ISi 

£  1 

u 

H  H  1 

H  1 

H 

H  1 

t- 

H  1 

H  1 

H  H 

H  ‘ 

t- 

t-  t- 

H  1 

H  1 

o  o 

xxxxx^x^x^xxxxxx 


Ui  a  U2 

z  z  z 
a  a  a 
3  3  3 
a  a  a 


paaaaaaaaaaaa 


SSS2S'^S^SS22S2SSS2SSSS2'^2'^SSSSSSSSSSS22 


030030003000003303300303000000033003000 


SjaaSSSS^SSsSSSSMSttSSSSiMM^SiSSiSs&SSS^^SSiBiSbSSsfettSui 

^<Nfs<Nr^fifir^iir^r^rir^4podflK^^a^rifs<N«Nr^r^rif^rir^r*f^ab«o^^^>25 


?22§v;i2§2^^22M22222M22^«292^  —  22§2222S22 


VOC  Surface  Flua  Estimates  by  Suit  Gas  Sample 
Davis  Gbibal  Communications  Site _ 


w 

u 

X 

Cd 

w 

D 

Ci< 

b 


3 

♦ 

• 

♦ 

-►  X 

•*> 

-•• 

«► 

X 

X 

X 

rO 

X 

r* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

X 

X 

X 

X 

X 

^  X 

X 

X 

X 

X 

X 

X 

— 

X 

X 

s  ^ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

*“  X 

X 

X 

X 

X 

•4 

<«> 

X 

c 

2  1*^ 

1  I 

c  5 

C  “ 

,3  i:  T* 


2 

i  5 
a  If 


.3 

2  t 

I  £  11 


I  tS 


ii 

£ 


I 


3  2  s  g  z 


—  Ss  —  SSs  —  5 


«  2  S  c 


2  'C  2  2  ^ 


X 

o 


222  ^2"^22^2222222‘"22’^22222“"  2  2*2222X5 


222^2“'22*2222222*22?22222'“'  2  2^222^22*  2*"^ 


»  ao 


r^r*r*»*x*30X 
OXXXXXS30XSCXSS2SXCX9X 


X  X  (N  fN 

r-^r— .  f— . 


r'  r*  r«*  r^ 


^  tn  v-i  1^  K".  iT'. 
^  ^  as  gs  ^  ^  3K 


C33333333C033303333 


osi  ^4  ^ 

rr  ^  ^  ^ 

r^  r-  r^ 

p-^pSSSgg5§5g5gggg 

3  3  3  O  O  3  6  3  3  »  3  3  3  3  b  O  3  O  C  3  X  C 


xxxxxxxxxxxxxxxxxx 


a^^asas^asasasasasasa.at^a.as 


Q  n  n 
z  z  z 


a 

z 


n  2 
z  z 


222202S  20 

ZZZZZZZ'IZZ 


o  o  o  o  o 
z  z  z  z  z 


o  o 
z  z 


O  O  Q 

z  z  z 


o  o 
z  z 


o 

z 


II  !l 


o==5=3==a======= 


s  = 

d 


033n00'9'S3S»S3«S 


3g33^3S2 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

u 

CJ 

U 

o 

;j 

p 

u 

p 

o 

p 

p 

p 

p 

o 

u 

p 

p 

u 

z 

z 

H 

f- 

H 

H 

H 

H 

f- 

H 

H 

H 

f- 

H 

H 

p 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

> 

> 

X 

X 

X 

X 

X 

X 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

Z 

X 

•y 

z 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

f** 

p 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

fl] 

>• 

> 

> 

>- 

> 

>- 

> 

>• 

>• 

> 

>• 

>• 

>• 

> 

> 

> 

> 

>• 

o 

n 

X 

X 

£ 

c 

2 

X 

X 

X 

•a* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

aft 

aft 

fo 

X 

X 

X 

X 

H 

H 

H 

H 

p 

H 

H 

H 

H 

H 

H 

h“ 

H 

H 

p 

H 

n 

0 

n 

O 

n 

o 

O 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

o 

o 

o 

o 

o 

g 

o 

g 

g 

g 

o 

o 

o 

o 

o 

o 

o 

X 

X 

n 

n 

n 

n 

n 

n 

oe 

ac 

aft 

aft 

Oft 

aft 

Oft 

Oft 

aft 

Oft 

aft 

Oft 

aft 

aft 

aft 

Oft 

aft 

Oft 

3 

3 

3 

3 

3 

3 

o 

o 

o 

o 

o 

o 

o 

q 

o 

o 

q 

q 

o 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-1 

X 

X 

Q 

Q 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

5J 

u 

y 

u 

(J 

p 

(j 

(J 

u 

u 

u 

u 

o 

u 

u 

u 

u 

Q 

Q 

Q 

p 

o 

p 

o 

ae 

at 

aft 

3 

aft 

at 

aft 

aft 

Oft 

Oft 

Oft 

Oft 

Oft 

aft 

Oft 

Oft 

aft 

aft 

Wl 

M 

— 

— • 

— 

— 

— 

•• 

f- 

H 

H 

H 

H 

H 

H 

1- 

H 

i- 

H 

H 

H 

H 

H 

H 

t- 

G 

V 

— 

— 

— 

— 

— 

— 

00 

00 

>o 

00 

00 

00 

00 

00 

00 

» 

00 

00 

00 

oe 

QO 

oo 

00 

00 

00 

00 

00 

00 

VI  cA  VI  sn 

ae  ae  ae  a: 

UJ  b  b  b 

Z  Z  Z  S 

o  o  o  o 

VI  V3  M  M 

X  U.  X  X 

O  O  O  O 

z  z  s  s 

o  o  o  o 

VI  VI  VI  M 
X  X  U  X 

z  z  z  z 

xxxxxxtdxxx 

ZZZZZZrfi^i 

UWUJWUlUCCiC 

NNNNSN><><><>< 

ZZZZZZaia.&a. 

U  U  U  UJ  U)  gg  .  .  >  . 

coeaaeDflQaSSzz 


00*n0<rt309303300039000*n00'rt99000*n00000«n0^0 


033030000990003390000009000000000000000 


SS;S!SS!SS;S!S!S!S!S:SS;S:S!S$S:S!SS!S$S$Si!^SSSSSSS!SSS!S!S!S! 

ebebaliaLA,ai,ai,aLieLaLauabel.xei.cual.auabauikaLeueLal.aiaLaLa,eLeLiabel.al;a,a, 
fn  c±i  m  m  5i  t5  S  tt3  ti3  til  tiJ  m  fTi  fM  fwi  fn  r«i  frt  fti  rn  rt<  ftl  fti  fn  ti3  til  cu  tal  tB  5l  ttl  til  taJ  ti3  LU  Ci3 
viMcoviviMCiococipvicomcnwvivsvivsmvieovivjMWEomMEOcocoMeocoviM 
r'r^r^r>-r'r^r'riabao9(»»9>rIirI»fs(Nr'»ri-r»riri*tirip'r'r>>o>Mrir^r*^ 


<  < 


s 


O  Q  O 


2§2gS22i2l222l22lv,22^2|22i§2|222§2S2 


o  o 

M  CO 


VOC  Surt'tce  Flux  Bsiimaies  by  Soil  Gas  Sample 
Davis  Global  Cuminunicaiiuiis  Siie _ 


w 

x 

u 

w 

3 

u, 

Cb 


;i  S 


=  if  = 


ol 


i  1 


i}il 

■ji  a 


■f  -s 
■3  M 

w  a 


V) 


3  & 


s 

I 


SsisS  —  25?5  —  2  —  —  —  —  —  —  5S55S85  —  55§§285;555§; 


5  s  '"I  ^  •r  5  2  5  5  5 


X  UJ 

X  ^  M  ^  ^  C 

5  if  5  5  5  5  ^ 


»  -C  "T  -C  -C  '^• 


M  X  X  X 


—  —  c  —  iii 


XXX 


^25c*5*-si25SS 
c  o  s  o  s 


fk.4  ^  ^  ^  ^4 


^4  f^4 

.  V  ^  ^ 

r.  r<»  r* 


*3oaQqcaor»r^r«*r«*r^r*‘»30ac*ao»p'4ip^'^pwxr-»^<*^»p*»r'. 

5S55§ggs«|«««§ctcs5553CEC5cg|fifiEt55S5«s 
=  SSSS3S3S=i3=i  =  =  3=i33066s333S3333S3S=IS  =  =  =  : 


3  3  3  3  3 
z  z  z  z  z 


3  3  3  3 
z  z  z  z 


3 

z 


II  II  II  II  II  II 


3  3  3  3  3  3  3 
z  z  z  z  z  z  z 


3  3  3  3 
z  z  z  z 


zzzzzzzz 


3C3CC3^C9S 


c  ci  *A  c  cj  si  6 


s  s  s  o  s  s  ^ 


ooo«/^sssscs 


UJ  U  U  UJ  UJ  u 

kkkkkk! 


02  tt]  U  U  U  U  S 

z  z  z  Z  Z  Z  2 

02  02  02  02  02  02  S 

'  ^  ^  .J  iiJ  ^ 


02  02 

02  02 
z  z 
02  02 
.J  ^ 
>•  > 


02  02 


02  02  02 
z  z  z 
02  02  02 
-2  -2  ^ 
>  >  > 


F?? 

oe  ^  «  00  ae  oe 


tn 

QC 

02 

Z 

i 

Ou 

o 

z 

02 

Z 

02  02 

£> 
N  >< 
Z  SL 
u  _- 
a  Z 


u 

!^j  u  uj 

S  z  z 

u  u  u 


V) 

yj 

sc 

X 

Ji 

.ti 

Z 

Z 

w 

:/) 

u 


a 


C  3 

z  z 


cn  M 


liG 

S  u  u< 

O  z  z 

■rt  02  02  02  02 

Z  7  7  ^  U 

u  16  S  >  > 

S  N*  N  ><  >< 

.  Z  Z  a.  o. 

->  fiD  fi  Z  Z 


ggsgggg 

ssssissszliiliiiiiiiiisisisiiifissiismils 


«  «  «  00  00  00 


X  W  X  X 


0<r>os009v^00s00«n00090«neg0000000090s009cs 


009009000900009000000090090000090900900 


s:s;s!S!S!S!s;s!s;ss!S!S!;sss:s:s!S!s?sssi!SS!SSSssss!SKS(ss!S? 

aia.al.euaueLcueuaia.a.GbaLebeLaLeLa,ebBLabaLaLaieuabCL.flba!euakaLa!.aliaba,a.eLa. 

fti  fn  rvi  f«i  f«t  f«i  f«i  f«i  r«i  f«4  r«i  fti  fii  tat  ??%  f7i  f»t  frt  ??i  f»i  f»i  fii  fti  f«i  f.ti  a.t  FTi  lil  5S  m  Si  tta  53  ti3  m  m  m 

^fifiri‘riri^<sri‘r‘rifi‘^fNf^r^ri»ri‘flkf^ri.i^ri‘r^^<NaoaoaoaeflOX«bapooabacabx 


T. 


I 

I 


X 

o  ^ 

oH 


Surtice  Flux  Esiimaies  by  Soil  Gas  Sample 
,  Global  Conununicaiions  Site _ 


l)B/U9/  I 


Attachment  F-2 

Emissions  Estimation  and  Box  Modeling 
(Outdoor  Ambient  Air)  Summary 


Page  1 


Page  1 


SUBJECT  j)av/i'4  BV 

4rv'^*  rVMwAJ?  PROJECT  NO 

€^iyW4*.‘c*9  A  'Ja*e 

Ctl^vi—  0.0»C. 


yv^ 

// 

Sx\a/-lx  CtT^os  ^  ^4  XA</wv«^  TV  ^UjK-^^o^  .  XL.^ 

^  -QaC^  ^er'’^#K>*4^  ^J-l*Cr  '"f^ 

CdJtcJs^  a>rCa  •' 


DATE  ^Jyhi 
SHT  »  OF 


€j/iW<V<*4  <2^  fyJfi 


<3  •  1 


4 


r>^  ^«K  yv^</i^^  (^^f*tf^-S^ 

CQ  .  fk  i-#vfcVcy.  C/'tft  /<.  C5/-.--X) 

y4^.  »  4vt€«  ^  ) 

C*^^)  ‘  JT^  jMrJ«Ct  cv^-<«i 

(J^of  /orC  y^r^Oc/L^t^ 


OmHllL 


SUEJECT  iiGwtJ  ^ 

'%Q^  fKOi&A 


BY 

PROJECT  NO 


(t>r  PCe>  /i,  J_  : 

/hef^^u>^  Z'/.yit  r<5^-  )  “  /.  ^5"  (0'^/^ 

^  "  2yv.lL 

4^ji^  C4^^)  ^ 

(f.yr  PC  (Q~^  )(t^i.2l) 

^  ’  /O,  1^1.  '1? 

,  3.‘1^  1C  /o"'^ 

l(  -  2.‘y7  itio 


(Q  ^  ►  tOOO  .jj/j 


DATE 

SHT  T^OF 


-J 


L  ^  \J  <  H 


OATE 

SHT  3  OF 


CHMHIll 

i4f\r 


-UoiAl 


CbJt^l/V'BY 

PROJECT  NO 


C  ^ 

61  ’ 


Z*'^-  r ) 

^  ^  XoY  ^4j 


L  ^ 

^e^-,77r  cl  ^dji 

J 

n*^ 

^4  u 

^  -S^  . 

c  i 

ol 

\/  . 

(<^) 

\J  " 

/^Viv'o 

(^wFj^i22^ 

(^»^/i)  Caific/ 

lO 

^cto 

l4  ^ 

"SoK 

l^jhX  -  Cj\r^Sp^clj  i^ 

a- 

2..‘f7 

X  (0 

4^ 

lO,CxJV 

L^ 

/oO  /«< 

1 

V/- 

•«/i  ,  OJ 

/<9  Au' 

^  J^iA- 

-,c  12AL. 

L. 

V-63 

l^ir 

0(  6 

36^€C 

€9!^  ,  Joyx  fo  OJA  ^-L 

%0^  \J  ^  1.31  ^/r 


CHMHIli 


sueject 

/y^<kJl  PROJECT  NO 


DATE 

SHT  V  OF 


C 


(O^OdO*o*''  (OoO>*^jf^ 

loO  ^  K.  L  t*i 


s".  S-T  ^  ^0 


-r 


Attachment  F-3 
Estimation  of  Emissions 
from  Sprinkler  Irrigation 


Page  1  08/06/1993 


G*c_  =-::;*:  -  /  3 

c«  j  C3 1  o  LJ  ^'j/^  4~iUM*rsA>sr' 

C^CJK/Jt>0^O^'^^  <4  iC  Uy)*n> 

S U  Cu-y~T3^  fi f^<^dL,tJ^'t\^ 

(  4l(KS,rili>.  ALjj 


»  Z4DO^  CO-0 

Qh^ 


Cl.~rc,  I^JL] 


^CO  ) fri<^»jUcl  -  2.4r  /J-C  (^  0  c^rij  Soj  ^:c  /  n^^n.-e^ 

fc  4/ojt  /C//H^  4/ycc  ,  Tt-^  /^yj^ 


A»  *T)^  p /'otifjci^'ify^  UdeQQ 


CtJ!cuO«^)U  OJ^^hr  UM  /Wc  //I  ^ 


-  C/if  *  ^00,  cnrO Ih^, 

“  CU^  2^  ^  ( /KdkCr?)^  ZV  \r\^  [</c,y  . 

Plc^  £f>>*4J‘X''0tf  J  ^cc^w'  0\/^  pA/^i(Tz/ 

cpx^o3^<~  (  (  Ur  /  etmy  ^  J  f  Cr^iM- ^ 

iv  /^S5  f,  Wyr'/-»u,  . 

■c^-e  ^-v-o  o^  *yhK^  >-»>^r.  '  /r*'ViyK. 

tfrvv/Ji-'VW 

A'Vv/, 


3.7*rL  ^  AfO  ^ 

=  C-  ?•?<»  ^  /j 


q^gy  ic  -Ac- 

J/^jCDXfe 


CJ^cJl*^  C2^c^'>^  e^  lJ<^C  i\  ua4<^ 


/,  /  -  5c<£  *  I  I L 

j  ^  o.%7(*  L 


2.(^3 


C^oHoJled^  C!2^C^'^  ^  L/<3C  />ih  ^  r 

^  rf^cJ^'a^  ^  C/(^C  />  CJcj/^r  o^'&I  Q 

/VvJ^  <3UV^.  pv^ad(f)sv)  /yn^trjkA  \Io(ejM'i:0^»^ 

(^cj^w  •  A'^py^oocA'  ^  / 1  • 

\JcJLi  W  P  %liJlocji*cl  c/«j^  u*^<3^ 


i  y  A^d9^* 


; 


Transfer  Efficiencies  for  Radon  for 
Varions  Water  Uses  In  a  Typical  Honsc 


Wiier  Use 

Showers 
Tub  baths 
Toilet 
Laundry 
Dishwasher 
Dnnking  and 
kitchen  use 
Cleaning 

Total 


Daily  Transfer  Efficiency 
Quantity  II)  (%) 


150 

150 

565 

130 

55 

30 

10 

890 


63 

47 

30 

90 

90 

30 

90 


(Source:  Pnchaid  and  GeseU.  1981) 


4e  ^  Sp ri^c&^  \/f 

QGi'U).  \lf  *  0.<o2, 


r  Co^C 


J  3 


/^TV'  f»  I  "iiCcr 


2.(o2>  j  ^  ^  ^.C»J  »  /'C»6  -^Xs 

/,(^C  o^/s  X  J  / j/s 


t/^c 


.  /i^ 


1?  r^^jocis^  oAAd:^  ^7-fC-u/?^^^  7,5  /V 

^  X5  . 


2.^  4ci  X  V<3V7  lO  Ul^.^ 


tytcdsJl  •' 


/L  1/  If  W- 


I0,n7,rm^ 


jCV,  fif 


V  *  ^ny'w#/  </  iQ  /»y?4 

/O  ^»'  ^  lOoO  oy  ^  l^tr  ,  7,^  /»f^ 

/y  c.  4**** 

J«yx  +•  ^Kw#/  ^ 

^  V/  ^  7.a  #»,/i 

^  »  14,  C£^/1,  (?«,) 

^  /.G6  XfQ-^  ^/S  X 

lO^  At  If-  2*3  ^/i  ^ 

»  tL  \tr^  ! a!^ 


Attachment  F-4 

Indoor  Air  Quality  "Box  Model" 
for  Contaminants  in  Soil  Gas 


I 

I 


IND_B0X2.XLS 


Indoor  Air  Quality  "Box  Model"  for  Contaminants  in  Soil  Gas 
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Chemical 

Q 

E  (cak) 

C  (cak) 
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(g/m‘3)  (mg/m‘3) 

1 . 1 . 1  -TRICHLOROETHANE 
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O.OOE+00  O.OOE+00 
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l.l-DICHLOROETHANE 
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1.1-DICHLOROETHENE 
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5.31E-09 

4.22E-09  4.22E-06 
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7.8617E-12 
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DICHLORODIFLUOROMETHANE 
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O.OOE-t-00  O.OOE+00 

M.P-XYLENE  (SUM  OF  ISOMERS) 

1.4229E-11 
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0-XYLENE  (1,2-DIMETHYLBENZENE) 

0 

O.OOE+00 
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TETRACHLOROETHYLENE(PCE) 

3.7434E-10 
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2.10E-08 
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CIS- 1 .2-DICHLOROETH  YLENE 
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— —  — ,  ^ 

1 

i 

Parameters  1 

• 

- 1  — 

' 

Symbol 

Description 

Units 

Value 

! 

' 

A 

Building  Surface  Area  ^ 

m‘2 

1858 

_ ! _ 

F 

Emission  Surface  Area  Fraction 

1 

; 

H 

Building  Height 

m 

2.44 

1 

ACH 

Flf  H Vf  1 F:  i  1 1 ' { I  ( I -i  d 

l/br 

1 

1 

_ ^ _ 

. 

Calculated  Values 

i 

1 

1 

Symbol 

Description 

Units 

Value 

i 

V 

Building  Volume  (A*H) 

m‘3 

4530.5472 

I 

2 _ 

Ventilation  rate 

m‘3/s 

1.26E+00 
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EXPOSURE  ASSESSMENT  FOR 
HUMAN  HEALTH  RISK  ASSESSMENT 


TECHNICAL  MEMORANDUM  G 


a&HHILl 
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August  20,  1993 

Exposure  Assessment  for  Human  Health  Risk  Assessment 
SAC28722.55.15 


Introduction 

Exposure  refers  to  the  potential  contact  of  an  individual  with  a  contaminant.  Expo¬ 
sure  assessment  is  the  estimation  of  the  magnitude,  frequency,  duration,  and  routes  of 
exposure  to  a  contaminant.  Human  exposure  to  contaminants  is  typically  evaluated 
by  estimating  the  amount  of  a  contaminant  that  could  come  into  contact  with  the 
limgs,  gastrointestinal  tract,  or  skin  during  a  specified  period  of  time.  This  exposure 
assessment  is  based  on  scenarios  that  define  human  populations  potentially  exposed 
to  contaminants  of  potential  concern  (COPCs)  originating  from  the  Davis  Site.  The 
potential  pathways  of  exposure,  frequency  and  duration  of  potential  exposures,  rates 
of  contact  with  air,  water,  and  soil  and  the  concentrations  of  contaminants  in  air, 
groundwater,  or  soil  are  evaluated  in  the  assessment  of  human  intake  of  COPCs. 
Contaminant  intakes  and  associated  risks  have  been  quantified  for  all  exposure  path¬ 
ways  considered  potentially  complete.  This  technical  memorandum  describes  the 
assumptions,  data,  and  methods  used  to  evaluate  the  potential  for  human  exposure  to 
COPCs  originating  from  the  Davis  Site  and  involves  the  following  steps: 

•  Identification  of  potentially  exposed  populations 

•  Identification  of  potential  exposure  pathways  and  selection  of  complete 
exposure  pathways 

•  Evaluation  of  the  environmental  fate  and  transport  of  contaminants  in 
soil  and  groundwater 

•  Development  of  exposure  scenarios 

•  Estimation  of  exposure  point  concentrations  used  to  quantify  contami¬ 
nant  intakes 

•  Quantification  of  contaminant  intakes  for  each  exposure  pathway 
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The  information  developed  through  these  steps  was  then  used  to  develop  exposure 
scenarios.  An  exposure  scenario  considers  the  sources  of  the  contaminant  substances 
that  could  come  into  contact  with  the  subject  population.  Exposure  prediction  models 
based  on  the  fate  and  transport  of  the  contaminant  substances  are  then  used  to  evalu¬ 
ate  the  pathways  from  the  sources  to  subject  population.  These  can  be  highly  com¬ 
plex  models  or  relatively  simple  models  such  as  multiplicative  factors  that  predict  an 
individual’s  exposure  as  a  function  of  several  input  variables  (such  as  body  weight, 
inhalation  rate  and  exposure  frequency)  (U.S.  EPA,  1985). 

The  exposure  scenarios  for  this  risk  assessment  (RA)  were  based  on  an  estimate  of 
the  reasonable  maximum  exposure  (RME).  The  Rhffi  is  defined  as  the  highest  expo¬ 
sure  that  is  reasonably  expected  to  occur  at  a  site.  RMEs  are  estimated  for  individual 
exposure  pathways.  If  a  population  is  exposed  via  more  than  one  pathway,  the  com¬ 
bination  of  exposures  across  pathways  must  also  represent  an  RME.  The  intent  of 
the  RME  is  to  develop  a  conservative  estimate  of  exposure  (i.e.,  well  above  the  aver¬ 
age  case)  that  is  still  within  the  range  of  possible  exposures  (U.S.  EPA,  1989a).  Spe¬ 
cific  factors  in  the  RME  exposure  scenario  included  the  90  or  95  percentile  values  for 
input  variables  such  as  inhalation  rate,  exposure  frequency  and  exposure  duration, 
and  exposure  concentrations  based  on  the  upper  95  percent  confidence  limit  (UCL) 
of  mean  concentrations,  or  the  highest  concentrations,  detected  at  the  site  (U.S.  EPA, 
1989b). 

Methods  used  in  characterizing  health  risks  are  also  described  in  this  technical  memo¬ 
randum.  Risk  characterization  involves  combining  the  results  of  the  exposure  and 
toxicity  assessments  and  comparison  of  these  with  toxicity  criteria  established  by  the 
regulatory  agencies  to  provide  numerical  estimates  of  risks.  The  toxicity  criteria  used 
in  characterizing  health  risks  are  presented  in  Appendix  E,  Toxicity  Assessment  for 
the  Human  Health  Risk  Assessment. 

Summary  tables  characterizing  health  risks  can  be  foimd  in  Appendix  A,  Human 
Health  Risk  Assessment  Summary  Tables.  Spreadsheet  calculations  supporting  the 
risk  characterization  tables  are  presented  in  Attachment  G-1  to  this  memorandum. 


Identification  of  Potentially  Exposed  Populations 

Populations  potentially  exposed  to  contaminants  detected  at  the  site  are  identified  as 
either  onsite  or  offsite  populations  that  may  be  present  under  either  current  or  futme 
land  uses.  Information  developed  in  Appendix  B,  Site  Background  Information,  has 
been  used  to  identify  potentially  exposed  populations. 
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Current  Land  Uses 


Onsite  Populations 

The  Davis  Site  is  operated  24  hours  a  day  by  up  to  12  personnel  of  the  2049th  Com¬ 
munications  Squadron,  which  operates  out  of  McQellan  AFB.  Linked  to  McClellan 
AFB  by  Intersite  Microwave  Radio,  the  Davis  Site  has  radio  transmitters  and  anten¬ 
nae  that  provide  long-range  radio  transmission  capabilities.  Work  activities  at  the  site 
consist  of  operation  and  maintenance  of  the  transmission  equipment  and  associated 
facilities.  Onsite  personnel  are  not  involved  in  work  that  requires  excavation  of  soils. 

Offsite  Populations 

The  closest  offsite  population  is  located  at  the  Davis  Migrant  Center,  a  migrant  farm¬ 
worker  camp  operated  by  the  Yolo  County  Housing  Authority,  at  the  comer  of 
County  Roads  105  and  36.  This  center  is  approximately  one-half  mile  from  areas 
where  contaminants  have  been  detected  in  soil  or  groundwater.  Reportedly,  the 
migrant  center  is  hydrologically  downgradient  of  the  Davis  Site. 

Future  Land  Uses 

Changes  are  not  anticipated  in  the  mission  of  the  Davis  Site;  therefore,  it  is  likely  that 
current  and  future  land  uses  will  be  identical.  Future  uses  of  the  site  in  the  event  of 
a  mission  change  are  unknown. 

Onsite  Populations 

The  area  surrounding  the  site  is  zoned  as  agricultural  land.  Yolo  County  limits  resi¬ 
dential  development  in  agricultural  land  to  dwellings  for  preservation  of  the  family 
farm  or  for  farm  employees.  Though  the  mission  and  future  site  uses  are  unknown, 
exposures  associated  with  hypothetical  future  residential  land  use  were  considered  in 
the  RA  to  address  potential  health  risks  associated  with  contaminants  detected  in 
groundwater  monitoring  wells. 

Offsite  Populations 

Offsite  populations  are  not  likely  to  change  in  the  future. 


Identification  of  Exposure  Pathways 

An  exposure  pathway  describes  the  mechanism  through  which  a  contaminant  comes 
into  contact  with  a  receptor.  There  must  be  a  complete  exposure  pathway  from  the 
source  of  contaminants  in  the  environment  (i.e.,  in  soil  or  groundwater)  to  human 
receptors  in  order  for  contaminant  intake  to  occur.  In  this  section,  the  complete 
exposure  pathways  are  chosen  from  all  potential  pathways,  and  are  further  evaluated. 
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A  complete  contaminant  exposure  pathway  consists  of  the  following  four  elements: 

•  A  source  of  contaminant  release  to  the  environment 

•  An  environmental  transport  medium 

•  A  point  of  contact  (known  as  the  exposure  point)  for  receptors  with  the 
COPCs 

•  A  route  of  intake  for  the  contaminant  into  the  receptor 

If  one  of  these  four  elements  is  missing,  the  exposure  pathway  is  incomplete  and 
there  is  no  intake  (or  subsequent  health  risk)  associated  with  that  pathway.  The 
presence  or  absence  of  any  of  these  elements  depends  on  the  specific  conditions 
found  at  the  site.  The  potential  exposure  pathways  for  each  exposure  scenario 
appear  in  Table  G-1.  Table  G-1  also  presents  the  rationale  for  identifying  and  select¬ 
ing  complete  exposure  pathways  that  were  evaluated  in  the  RA. 


Exposure  Scenarios 

Exposure  scenarios  describe  the  conditions  under  which  exposures  could  potentially 
occur  to  contaminants  detected  at  the  Davis  Site.  They  identify  the  receptor  popula¬ 
tions,  the  pathways  of  exposure  to  those  receptors,  and  the  contaminant  data  used  to 
estimate  contaminant  intake  through  each  exposure  pathway.  The  exposure  scenarios 
evaluated  in  the  RA  are  listed  in  Table  G-2.  The  exposure  scenarios  are  identified  by 
receptor,  as  follows: 

•  Onsite  worker,  outdoors— a  worker  at  the  site  responsible  for  work 
activities  locate^  irgely  outdoors 

•  Onsite  worker,  excavation— a  construction  worker  performing  work 
onsite  that  requires  excavation  of  soil,  such  as  installation  of  subsurface 
utilities. 

•  Onsite  worker,  indoors  (Building  4708)— a  worker  responsible  for  work 
activities  located  primarily  in  the  main  building  at  the  site 

•  Hypothetical  future  resident-a  mission  change  at  the  site,  in  which  it  is 
developed  for  agricultural  use  and  a  farm  residence  is  placed  onsite 

Note  that  in  most  cases,  there  are  multiple  exposure  pathways  associated  with  a  sce¬ 
nario.  Health  risks  for  each  scenario  were  aggregated  across  the  exposure  scenarios 
identified  in  Table  G-2. 
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Table  G-l 

Initial  Screening  of  Potential  Exposure  Pathways 
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Estimation  of  Exposure  Point  Concentrations 


Exposure  point  concentrations  are  the  concentrations  in  groundwater,  soil,  or  air  used 
to  estimate  the  potential  intake  of  contaminants  in  humans.  The  concentrations  in 
soil  or  groundwater  have  been  obtained  directly  from  data  collected  during  the  RI. 
Concentrations  in  air  were  estimated  using  the  models  from  concentrations  measured 
in  soil  gas  samples  collected  during  the  Rl. 

Onsite  Worker,  Outdoors 

Two  sources  of  VOCs  contributed  to  exposure  concentrations  in  air  for  this  scenario: 
emissions  of  VOCs  in  soil  gas  and  emissions  of  VOCs  from  production  well  water 
used  for  sprinkler  irrigation.  Concentrations  of  VOCs  detected  in  soil  gas  were  con¬ 
verted  to  surface  emission  fluxes,  then  concentrations  in  air  using  models  as  described 
in  Appendix  F,  Air  Pathways  Analysis.  Similarly,  concentrations  of  VOCs  detected  in 
groundwater  were  converted  to  emission  rates,  then  concentrations  in  air  (see  Appen¬ 
dix  F).  The  exposure  concentrations  in  air  from  VOC  surface  emission  fluxes  appear 
in  Table  G-3. 

The  highest  concentrations  detected  in  any  sampling  rotmd  from  the  site  production 
well  were  used  to  estimate  the  exposure  concentrations  in  air  associated  with  VOC 
emissions  from  sprinkler  irrigation  (see  Appendix  C,  Site  Conceptual  Model).  These 
exposure  concentrations  also  are  presented  in  Table  G-3. 

Onsite  Worker,  Excavation 

Exposure  concentrations  in  soil  were  estimated  as  95  percent  UCL  of  the  mean  con¬ 
centration  calculated  across  all  soil  samples  from  all  depths  in  soil.  This  provides  a 
conservative  estimate  of  the  concentrations  in  soil  that  a  worker  could  encounter, 
should  soils  be  excavated,  because  excavation  would  likely  blend  contaminant  hot 
spots  in  small  volumes  of  soil  with  larger  volumes  of  relatively  clean  soil.  Therefore, 
there  is  little  likelihood  of  prolonged  contact  with  an  UCL  concentration  in  soil. 
Exposure  concentrations  in  soil  are  to  be  found  in  Table  G-4. 

Onsite  Worker,  Indoors 

Two  sources  of  VOCs  contributed  to  exposure  concentrations  for  this  scenario:  emis¬ 
sions  of  VOCs  in  soil  gas  from  samples  collected  near  Building  4708  and  VOCs 
detected  in  samples  from  the  site  production  well.  Concentrations  of  VOCs  detected 
in  soil  gas  were  converted  to  surface  emission  fluxes,  then  concentrations  in  indoor  air 
using  models  as  described  in  Appendix  F.  Concentrations  of  VOCs  detected  in 
groundwater  were  converted  to  concentrations  in  air  during  showering  and  intake 
rates  from  dermal  exposure  using  the  procedures  described  below. 
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TaMeG-3 

Ripwrt  CoaccnlralloDs  in  Air 
Onattc  Worker,  OnlAoon  Scenario 


Contaminant 


Acetone 


Benzene 


Bromodichlorometbane 


Bromofonn 


Chlorodibromomethane 


Chlorofonn 


1 ,4-Dichlorobenzene 


Oichlorodifluoromethane 


1,1-Dichloroethane 


Sprinkler  Irrifation 


Sortecc  I  Concentration 


nm 


in  Air 
(m^m^ 


7.9E-13 


1.3E-13 


1.7E-08 


Z9E-09 


Concentration 

in 

Groandwatcr 

(Ai^) 


‘NA  »  not  applicable,  VOC  has  not  been  reported  in  samples  from  the  production  well. 
»  not  applicable,  VOC  has  not  been  repotted  in  soil  gas  samples. 


Concentration 
in  Air 
(m^m^ 


0.00005 


NA* 


3.1E-06 


0.00001 


7.9E-06 


4.4E-06 


NA* 


NA* 


1 ,1 -Dichloroethene 

3.4E-11 

7.4E-07 

3 

3.6E-06 

cis-l,2-Dichloroethene 

93E-13 

ZOE-08 

NA* 

NA* 

Ethylene  dibromide 

NA** 

NA** 

23 

Z7E-06 

m,p-Xylene  (sum  of  isomers) 

7.2E-11 

1.5E-06 

NA* 

NA* 

Methyl  ethyl  ketone 

NA** 

NA** 

0.6 

7.1E-07 

Methyl  isobutyl  ketone 

NA** 

NA** 

7.2 

83E-06 

o-Xylene  (l,2-dimetlq4benzene) 

7.2E-11 

1.6E-06 

NA* 

NA* 

Tetrachloroethene  (PCE) 

2.5E-09 

0.00005 

3.2 

33E-06 

Toluene 

l.OE-10 

Z2E-06 

0.4 

4.7E-07 

1 ,1,1 -Trichloroethane 

Z6E-12 

5.7E-08 

NA* 

NA* 

Trichlorofluoromethane 

NA** 

NA** 

0.6 

7.1E-07 

Tiichloroethene  (TCE) 

IJE-IO 

3.2E-06 

7.4 

83E-06 

1 ,1 ,2-Trichloro-l,2,2-trifluoroethane 

6.9E-12 

1.5E-07 

14.1 

0.00002 

Vinyl  chloride 

Z4E-12 

5ZE-08 

NA* 

NA* 
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Exposure  concentrations  in  indoor  air  were  estimated  from  the  highest  concentrations 
in  soil  gas  from  the  four  samples  collected  near  Building  4708.  Exposure  concentra¬ 
tions  were  not  calculated  for  VOCs  not  detected  in  any  of  these  four  samples.  The 
exposure  concentrations  in  air  used  in  this  scenario  appear  in  Table  G-5. 

The  highest  concentrations  detected  in  any  sampling  round  from  the  site  production 
well  were  used  to  estimate  the  exposure  concentrations  in  air  associated  with  indoor 
water  use  (see  Appendix  C).  These  exposure  concentrations  also  are  presented  in 
Table  G-5. 

Hypothetical  Future  Resident 

At  the  request  of  the  regulatory  agencies,  health  risks  potentially  associated  with 
groundwater  contaminants  detected  in  monitoring  wells  were  considered  in  the  RA. 
These  estimates  of  health  risks  were  based  on  a  future  residential  land  use  scenario. 
Concentrations  of  tetrachloroethene  (PCE)  and  trichloroethene  (TCE)  detected  in 
the  latest  sampling  round  from  Well  MW-3  (sampled  September  28,  1992)  were  the 
exposure  concentrations  used  for  this  scenario.  In  this  sampling  round,  PCE  was 
detected  at  a  concentration  of  150  ^g/1;  TCE  was  detected  at  a  concentration  of 
350  /*g/l. 


Quantification  of  Contaminant  Intakes 

This  section  describes  the  methods  for  calculating  potential  contaminant  intakes  for 
the  populations  and  exposure  pathways  selected  for  quantitative  evaluation.  The 
intakes  calculated  in  this  section  are  expressed  as  the  amount  of  contaminant  at  the 
exchange  boundary  (i.e.,  skin,^  lungs,  or  gastrointestinal  tract)  and  available  for 
absorption.  Estimates  of  contaminant  intakes  based  on  RME  scenarios  are  presented 
in  this  section.  Contaminant  intakes  were  estimated  for  populations  identified  under 
both  current  and  future  land  use.  Calculations  and  input  parameters  used  for 
estimating  intake  rates  through  the  inhalation,  soil  ingestion,  groundwater  ingestion, 
and  dermal  contact  with  soil  and  groimdwater  pathways  were  obtained  from  EPA 
(U.S.  EPA,  1989;  1990a;  1991a),  and  are  presented  below. 

Exposures/Risks  from  Ingestion  of  Contaminants  in  Groundwater 

Individuals  could  potentially  be  exposed  to  contaminants  in  groundwater  through  the 
ingestion  of  drinking  water.  The  magnitude  of  exposure  to  contaminants  through 
ingestion  depends  on  the  amount  of  water  ingested  on  a  daily  basis.  This  assessment 
assumes  that  adult  residents  consume  2  liters  of  water  per  day,  350  days  per  year  for 
30  years  (U.S.  EPA,  1991a).  The  2  liters  per  day  value  is  close  to  the  90th  percentile 


^In  keeping  with  EPA  guidance,  intake  for  dermal  expoaure  pathways  is  estimated  in  terms  of  absorbed  dose  and  not  quantity  of 
chemical  at  the  exchange  boundary. 
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1  EipoMn  CoocMtoirftMM  la  Ak 

1  OaiMc  W«rhtr,  laitm  (BiriUiag  47M) 

Compoaarf 

_ _ 1 

SoUGm 

(n^ 

Eapeaaie 

Coaccninlloa 

la  Air 

Gianaihsali  r 

Wipeaare 

CoaesBlntlaa 
la  Air  (asi^ai^ 

Acetone 

NA* 

NA 

41 

2.05E-02 

Benzene 

0.05 

1.16E-05 

NA** 

NA 

Bromodichlorometliane 

NA* 

NA 

2.6 

1.30E-03 

Bromofonn 

NA* 

NA 

47 

235E-02 

Chlorodibrofflomethane 

NA* 

NA 

8.8 

4.40E-03 

CUotofonn 

NA* 

NA 

6.7 

335E-03 

1,4-Dichlorobenzenc 

NA* 

NA 

3.71 

136E-03 

l.l'Dichlaroetliene 

0.02 

4.22E-00 

3 

13<«-03 

Ethylene  dibromkle 

NA* 

NA 

23 

1.15E-03 

m,p-Xyieiie  (sum  of  isomen) 

0.11 

ZlOE-05 

NA** 

NA 

Methyl  ethyl  ketone 

NA* 

NA 

0.6 

3.00E-04 

Methyl  isohu^  ketone 

NA* 

NA 

72 

3.60E-03 

Tetnchloroethene  (PCE) 

2.8 

5.53E-04 

3.2 

1.60E-03 

Toluene 

0.08 

1.67E-05 

0.4 

2.00E-04 

Trichloroethene  (TCE) 

NA* 

NA 

7.4 

3.70E-03 

TrichloroQuonMnethnne 

NA* 

NA 

0.6 

300E4>4 

l.l^t-Tiichloto-lXMrifluofoethane 

NA* 

NA 

14.1 

7.05E-03 

- 1 

*NA  -  not  applicabie.  Contaminant  not  reported  in  ac^  gas  samplet.  I 

^A  -  not  applicabie.  Contaminant  not  rqtorted  in  site  ptx>duction  well  water  samples.  1 
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for  drinking  water  ingestion  (U.S.  EPA,  1990).  The  30-year  exposure  duration  is 
considered  to  be  a  90th  percentile  value  for  time  spent  at  one  residence  (U.S.  EPA, 
1990;  1991a).  The  other  parameters  used  in  this  intake  equation  also  represent  rea¬ 
sonable  maximum  values. 

The  following  equation  is  used  to  calculate  the  intake  associated  wdth  the  ingestion  of 
contaminants  in  groundwater: 

Cfif  X  Ili  X  EF  X  ED 

Intake  =  - - - — -  U; 

BW  X  AT  X  36Sdayslyear 

Where: 


Parameter 

DescriptioD 

Units 

Value 

Intake 

Conuminant  intake  rate 

mg/kg-day 

calculated  from  Eq.  1 

Cw 

Contaminant  concentration  in  water 

mg/1 

modeled  or  measured  value 

BW 

Body  weight 

kg 

70  (70 -cancer  effects  and 

AT 

Averaging  time 

years 

30 -noncancer  effects) 

EF 

Exposure  frequency 

days^ear 

350 

ED 

Exjxtsure  duration 

years 

30 

IRw 

Daily  water  ingestion  rate 

1/day 

2 

Source:  U.S.  EPA,  1991a. 

A  lifetime  average  intake  of  a  contaminant  is  estimated  for  carcinogens.  This  acts  to 
prorate  the  total  cumulative  intake  over  a  lifetime.  An  averaging  time  of  a  lifetime  of 
70  years  is  used  for  carcinogens.  Contaminant  intake  rates  for  noncarcinogens  are 
calculated  using  an  averaging  time  that  is  equal  to  the  exposure  duration. 

The  estimated  lifetime  cancer  risk  from  potential  exposure  to  a  carcinogenic  VOC 
through  ingestion  of  groundwater  is  calculated  as  follows: 

IBsk  =  Intake  x  SF^  (2) 

where  SF^  is  the  oral  slope  factor  in  units  of  (mg/kg-day)  ^  Estimated  lifetime  cancer 
risks  for  all  carcinogenic  contaminants  are  then  summed  to  obtain  the  total  risk  asso¬ 
ciated  with  ingestion  of  contaminants  in  groundwater.  If  risks  could  exceed  10’^  the 
exponential  form  of  this  equation  should  be  used: 

Risk  =  1 -exp(-/nteifce  x  SF^  (3) 

A  hazard  quotient  (HQ)  for  potential  exposure  to  a  noncarcinogenic  contaminant 
through  ingestion  of  groundwater  is  calculated  as  follows: 
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HQ  = 


Intake 


(4) 


where  RfD^  is  the  oral  reference  dose  in  units  of  mg/kg-day.  The  HQs  estimated  for 
all  noncarcinogenic  contaminants  are  then  summed  to  compute  a  hazard  index  (HI) 
associated  with  ingestion  of  contaminants  in  groundwater. 

Exposures/Risks  from  Inhalation  of  VOCs  in  Groundwater 

Individuals  can  be  exposed  to  VOCs  transferred  from  tap  water  to  the  air  from 
showers,  baths,  toilets,  dishwashers,  washing  machines,  and  cooking.  Using  a  simple 
predictive  equation  based  on  a  one-compartment  indoor  air  model,  Andelman  (1990) 
predicted  the  relationship  between  the  concentration  of  VOCs  in  water  and  the  con¬ 
centration  in  air.  This  equation  is  used  to  estimate  the  range  of  average  indoor  air 
concentrations  that  is  likely  to  be  encoimtered  from  a  contaminant  volatilizing  at  an 
average  rate  of  50  percent  from  all  water  uses.  The  equation  is  based  on  data  indi¬ 
cating  30  t  j  90  percent  volatilization  of  radon  from  water,  depending  upon  water  use 
(Prichard  and  Gesell,  1981).  The  transfer  efficiencies  (percent  volatilization)  among 
the  different  water  uses  are  presented  below: 


Transfer  Efficiencies  for  Radon  I 

for  Various  Water  Uses  in  a  Tyi 

pical  House 

Water  Use 

Daily  Quantity 

Transfer  Efficiency 

0) 

(%) 

Showers 

150 

63 

Tub  baths 

150 

47 

Toilet 

365 

30 

Laundry 

130 

90 

Dishwasher 

55 

90 

Drinking  and  kitchen 

30 

30 

Cleaning 

10 

90 

Total 

890 

1  Source:  Prichard  and  Gesell,  1981.  | 

From  these  data,  Andelman  concluded  that  the  volume  use-weighted  mean  percent 
volatilization  was  about  50  percent. 

The  relationship  of  indoor  air  concentration  to  water  concentration  obtained  from  this 
model  is  (Andelman,  1990;  Andelman  et  al.,  1987): 
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where  C,  is  the  average  indoor  air  concentration  (mg/1)  generated  by  the  correspond¬ 
ing  average  water' concentration,  C,,  (mg/1).  Thus,  a  water  concentration  of  1  mg/1 
would  be  expected  to  generate  a  concentration  between  0.00001  and  0.0005  mg/1  in 
air  in  the  home  (Andelman,  1990).  A  correction  factor  of  1,000  1/m^  converts  the 
concentration  in  air  to  mg/m^.  Other  studies  (McKone,  1987)  have  predicted  similar 
estimated  household  air  concentrations  for  different  VOCs,  with  values  of  C,  ranging 
from  0.00002  to  0.00012  mg/1  for  a  Q,  of  1  mg/1  (Andelman,  1990).  EPA  has  selected 
the  highest  value  to  represent  the  amount  of  contaminant  volatilized  into  air  from 
water  (U.S.  EPA,  1991b).  This  provides  a  conservative  estimate  of  the  amount  of 
VOCs  that  would  volatilize  during  domestic  use  of  water. 

Exposure  to  VOCs  in  air  in  a  residential  exposure  scenario  is  based  on  an  inhalation 
rate  of  15  m^/day.  This  inhalation  rate  considers  the  potential  for  exposure  during 
household  water  uses,  such  as  cooking,  laundry,  bathing,  and  showering.  Activity- 
specific  inhalation  rates  were  combined  with  time/activity  level  data  for  populations 
that  spend  a  majority  of  their  time  at  home  to  derive  daily  inhalation  values.  The 
inhalation  rate  of  15  mVday  was  found  to  represent  a  reasonable  upper-bound  value 
for  daily,  indoor  residential  activities  (U.S.  EPA,  1991a). 

The  following  equation  is  used  to  calculate  the  intake  associated  with  the  inhalation 
of  contaminants  volatilized  from  groimdwater: 

C.  =  C^Cmg/O  X  0.0005  x  l,000(l/m’)  (7) 


Equation  7  converts  the  concentration  in  groundwater  (C,„)  to  a  corresponding  con¬ 
centration  in  ambient  air  (C,).  This  concentration  in  air  is  then  used  to  calculate 
contaminant  intake  as  follows: 


Intake 


C^xIRxEFxED 

_ O _ _ 

BW  X  AT  X  365dayslyear 


(8) 


Where: 
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Parameter 

Description 

Units 

Value 

Intake 

Contaminant  intake  rate 

mg/kg-day 

mg/i^ 

calculated  from  Eq.  7 

C3 

Contaminant  concentration  in  air 

modeled  value 

BW 

Body  weight 

kg 

70 

AT 

Averaging  time 

years 

70  (cancer  effects) 

30  (noncancer  effects) 

EF 

Exposure  frequency 

daysyyear 

350 

ED 

Ex{>osure  duration 

years 

30 

IRa 

Daily  inhalation  rate 

m^/day 

15 

1  Source:  U.S.  EPA,  1991a.  | 

A  lifetime  average  intake  of  a  contaminant  is  estimated  for  carcinogens.  This  acts  to 
prorate  the  total  cumulative  intake  over  a  lifetime.  An  averaging  time  of  a  lifetime  of 
70  years  is  used  for  carcinogens.  Contaminant  intake  rates  for  noncarcinogens  are 
calculated  using  an  averaging  time  value  that  is  equal  to  the  exposure  duration. 

Estimated  lifetime  cancer  risk  from  potential  exposure  to  a  carcinogenic  VOC  in  air  is 
calculated  as  follows: 


Risk  =  Intake  x  SF^  (9) 

where  SFj  is  the  inhalation  slope  factor  in  units  of  (mg/kg-day)  ^  Estimated  lifetime 
cancer  risks  for  all  carcinogenic  VOCs  are  then  summed  to  obtain  the  total  risk  asso¬ 
ciated  with  inhalation  of  VOCs  in  air  at  the  site.  If  risks  could  exceed  10  ^  the  expo¬ 
nential  form  of  this  equation  should  be  used: 

Risk  =  1  -espi'lntake  x  SF)  (10) 


An  HQ  for  potential  exposure  to  a  noncarcinogenic  VOC  in  air  is  calculated  as 
follows: 


HQ 


Intake 


(11) 


where  RfD^  is  the  inhalation  reference  dose  in  units  of  mg/kg-day.  The  HQs  estima¬ 
ted  for  all  noncarcinogenic  VOCs  are  then  summed  to  compute  an  HI  associated  with 
inhalation  of  VOCs  in  air  at  the  site. 


Exposures/Risks  from  Dermal  Contact  with  Contaminants  in 
Groundwater 


Individuals  can  become  exposed  through  dermal  absorption  of  contaminants  in  water. 
The  magnitude  of  potential  exposme  through  this  pathway  is  related  to  the  concentra¬ 
tion  in  water,  surface  area  of  exposed  skin,  the  ability  of  the  contaminant  to  penetrate 
through  the  skin,  and  frequency  and  duration  of  exposure.  The  absorbed  dose  from 
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dermal  contact  with  contaminants  in  groimdwater  is  based  on  a  calculation  recom¬ 
mended  by  Cal-EPA  (1992a),  and  is  estimated  as  follows: 

BWxATx36Sdayslyear 


Where: 


Parameter 

Description 

Units 

Value 

I 

Absorbed  dose 

mg/kg-day 

calculated  from  Eq.  12 

Cw 

Concentration  in  water 

mg/1 

modeled  or  measured 
value 

SA 

Exposed  skin  surface  area 

cm^/event 

23,000 

ET 

Exposure  time  during  bathing 

hour/day 

0.25 

EF 

Exposure  frequency 

event^ear 

350 

ED 

Exposure  duration 

years 

30 

BW 

Body  weight 

kg 

70 

AT 

Averaging  time 

years 

70 -cancer  effects  and 

30 -noncancer  effects 

3 _ 

Dermal  permeability  coefficient 

cm/hour 

contaminant-specific 

Source:  Cal-EPA,  1992 

Values  for  K.  can  be  estimated  using  an  equation  provided  by  EPA  (U.S.  EPA, 

1992): 

logK^  =  -2.72+0.711(^1:^-  0.0061AfTr  (13) 

where  MW  is  the  molecular  weight  of  the  contaminant,  and  log  is  the  log 
octanol/water  partition  coefficient.  These  values  were  obtained  from  Howard  (1989, 
1990,  1992,  1993)  or  U.S.  EPA  (1979).  The  values  used  in  the  risk  calculations  are 
summarized  in  Table  G-6. 

Exposures/Risks  from  Inhalation  of  Ambient  Air  (Indoors  and  Outdoors) 

Exposure  to  contaminants  in  air  in  a  residential  exposure  scenario  is  based  on  an 
inhalation  rate  of  20  m^day  for  both  indoors  and  outdoors.  EPA  combined  activity- 
specific  inhalation  rates  with  time/activity  level  data  to  derive  daily  inl.<alation  rates  for 
various  occupational  activities  (U.S.  EPA,  1991a).  Based  on  this  evaluation,  EPA 
concluded  that  20  m^  per  8-hour  workday  represented  a  reasonable  maxim^im  inhala¬ 
tion  rate  for  the  occupational  scenario.  The  occupational  scenario  is  also  considered 
to  address  a  70-kg  adult  who  is  at  work  5  days  a  week  for  50  weeks  per  year  (250 
days^ear).  The  exposure  duration  is  assumed  to  be  25  years,  which  is  the  95th  per¬ 
centile  value  for  length  of  employment  at  the  same  location  (U.S.  EPA,  1991a). 

Exposure  concentrations  of  VOCs  in  air  are  estimated  from  VOC  concentrations  in 
soil  gas  using  m(xleling,  by  the  following  equation: 
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1 

Dermal  Expocoic  Aascasineii 

rableC-d 

I  Parametcri 

for  Selecicd  Che 

Chcmkal 

CAS  No. 

Measured 

(cn^) 

Eattniatcd 

s 

(cm/hr) 

Benzene 

71432 

0.11 

0.021 

Bromodichloromethane 

75274 

0.0058 

Bromoform 

74839 

0.0026 

Carbon  tetrachloride 

56235 

0.022 

Chlorodibromomethane 

124481 

0.0039 

Chloroform 

67663 

0.13 

0.0089 

1  ^-Dichlorobenzene 

95501 

0.061 

1 ,3-Dichlorobenzene 

541731 

0.067 

1 ,4-Oichlorobenzene 

106467 

0.062 

Dichlorodifluoromethane 

75718 

0.012 

1,1-Dichloroethane 

75343 

0.0089 

1 ,2-Dichloroethane 

107062 

0.0053  1 

1 ,1 -Dichloroethene 

75354 

0.016 

1,2-Dichlotoetbene 

540590 

0.01 

1 ,2-Dichloropropane 

542756 

0.01 

Ethylbenzene 

100414 

1 

0.074 

bophorone 

78591 

0.0042 

Methylene  chloride 

75092 

0.0045 

1,1,2,2-Tetrachloroethane 

79345 

0.009 

Tetrachloroethene 

127184 

037 

0.048 

Toluene 

108883 

1 

0.045 

1 ,1 ,1 -Trichloioetbane 

71556 

0.017 

1,1,2-Trichloroethane 

79005 

0.0084 

Trichloroethene 

79016 

0.23 

0.016 

Trichlorofluoromethane 

75694 

0.017 

Vinyl  chloride 

75014 

0.0073 

Xylene 

108383 

0.08  1 

Source;  U.S.  EPA,  1992. 
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Intake 


CxIRxEFxED 

_ a _ a _ 

BW  X  AT  X  365daysfyear 


(14) 


The  intake  parameters  used  in  Equation  14  to  estimate  contaminant  intake  from 
inhalation  in  a  worker  exposure  scenario  are: 


Parameter 

Description 

Units 

Value 

Intake 

Contaminant  intake  rate 

mg/kg-day 

calculated  from  Eq.  14 

c. 

Contaminant  concentration  in  air 

mg/m^ 

modeled  value 

BW 

Body  weight 

kg 

70 

AT 

Averaging  time 

years 

70  (carcinogens) 

25  (noncarcinogens) 

EF 

Exposure  frequency 

days/year 

250 

ED 

Exjxjsure  duration 

years 

25 

IRa 

Daily  inhalation  rate 

m^/day 

20 

Source:  U.S.  EPA,  1991a 

Estimated  lifetime  cancer  risk  from  potential  exposure  to  a  carcinogenic  VOC  in  air  is 
calculated  as  follows: 

Risk  =  Intake  x  SF^  (15) 

where  SF;  is  the  inhalation  slope  factor  in  units  of  (mg/kg-day)*^  Estimated  lifetime 
cancer  risks  for  all  carcinogenic  VOCs  are  then  summed  to  obtain  the  total  risk  asso¬ 
ciated  with  ingestion  exposure  to  modeled  concentrations  of  VOCs  in  air  at  the  Davis 
Site. 

An  HQ  for  potential  exposure  to  a  noncarcinogenic  VOC  in  air  is  calculated  as 
follows: 


HQ 


Intake 


(16) 


where  RfDj  is  the  inhalation  reference  dose  in  units  of  mg/kg-day.  The  HQs 
estimated  for  all  noncarcinogenic  VOCs  are  then  summed  to  compute  an  HI  associa¬ 
ted  with  ingestion  exposure  to  modeled  concentrations  of  VOCs  in  air  at  the  site. 

Exposures/Risks  from  Soil  Ingestion 

Under  this  scenario,  workers  or  hypothetical  future  residents  are  assumed  to  be 
routinely  exposed  to  contaminants  in  excavated  soils.  Workers  would  most  likely  to 
be  exposed  to  contaminants  in  soil  intermittently,  and  only  for  limited  durations. 
Risks  estimated  in  this  scenarios  therefore  would  significantly  overstate  the  risks  of 
workers  exposed  to  contaminants  in  soil.  Rather  than  place  limits  on  the  frequency 
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and  duration  of  work  activities  that  could  bring  workers  into  contact  with 
contaminated  soils,  the  EPA  default  assumptions,  based  on  daily  contact  with  soil 
over  a  working  lifetime,  were  used  to  evaluate  risks  associated  with  contaminants  in 
soil.  Contaminant  intake  from  soil  ingestion  was  estimated  using  the  following 
equation: 

CxIRx  O.OOOOOlkglmg  x  EF  x  ED 

Intake  -  — -  ft/ 

BW  X  AT  X  365daystyear 


Where: 


Parameter 

Description 

Units 

Value 

Intake 

Contaminant  intake  rate 

mg/kg-day 

calculated  from  Eq.  14 

c. 

Contaminant  concentration  in  soil 

mg/kg 

95%  UCL  of  mean 

BW 

Body  weight 

kg 

70 

AT 

Averaging  time 

years 

70  (carcinogens) 

25  (noncarcinogens) 

EF 

Exposure  flrequency 

days^ear 

250 

ED 

Exposure  duration 

years 

25 

IR 

Soil  ingestion  rate 

mg/day 

50 

Source:  U.S.  EPA,  1991a  | 

Contaminant  intake  from  dermal  exposure  was  not  quantified  because  regulatoiy 
agency  guidelines  on  assessing  dermal  absorption  of  contaminants  from  soil  are  still 
evolving.  A  recent  guideline  on  assessing  dermal  absorption  recommended  methods 
of  quantitative  assessment  for  selected  compounds  (principally  dioxin/furans,  and 
PCBs)  (U.S.  EPA,  1992).  For  other  contaminants,  the  following  approach  has  been 
recommended  (U.S.  EPA,  1991c): 

•  Volatiles— Assiune  that  dermal  contact  with  these  compounds  in  soil  will 
not  significantly  increase  risks  over  risks  caused  by  other  pathways  of 
exposure  to  soil 

•  Other  organics  and  inorganics— Assume  that  dermal  contact  with  these 
compounds  in  soil  may  cause  comparable  risks  to  ingestion  of  soil 

The  approach  used  in  this  RA  for  assessing  dermal  exposure  was  to  assume  that 
intake  from  dermal  contact  with  contaminants  in  soil  was  equivalent  to  the  intake 
from  soil  ingestion. 

Soil  ingestion  rates  are  greater  for  children  than  adults.  Higher  soil  ingestion  rates  in 
children  coupled  with  lower  body  weights  mean  that  rates  of  exposure  to 
contaminants  in  soil  are  higher  for  children  than  adults  (however,  this  dvuration  of 
exposure  would  occur  over  a  shorter  duration  of  time).  Therefore,  an  age-adjusted 
soil  ingestion  factor  is  used  in  this  equation  to  acco\mt  for  the  differences  in  daily  soil 
ingestion  rates,  body  weights,  and  exposure  durations  between  children  (ages  1  to  6 
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years)  and  adults  (ages  7  to  31  years).  The  soil  ingestion  rates  for  these  two  age 
ranges  are  time-weighted  by  the  duration  of  exposure  (6  years  for  children  and  24 
years  for  adults)  and  normalized  to  body  weight  to  calculate  the  soil  ingestion  factor, 
as  shown  below; 


IF. 


aoOladi 


IR^'kED^  IR^xED^ 


BW, 


BW^ 


(18) 


Where: 


Parameter 

Description 

Units 

Value  1 

Age-adjusted  soil  ingestion  factor 

mg-yr/kg-day 

I 

calculated  (114)  | 

BW, 

Average  body  weight  from  ages  1-6 

kg 

15 

BWj 

Average  body  weight  from  ages  7-31 

kg 

70 

ED, 

Exposure  duration  from  ages  1-6 

years 

6 

EDj 

Exposure  duration  from  ages  7-31 

years 

24 

m. 

Soil  ingestion  rate  from  ages  1-6 

mg/day 

200 

IR, 

Soil  ingestion  rate  from  ages  7-31 

mg/day 

100 

This  factor  is  then  inserted  into  the  intake  equation  to  calculate  risk-based  contaminant 
concentrations  in  soil  associated  with  residential  land  uses. 

Chemical  intake  from  soil  ingestion  for  the  hypothetical  future  residential  scenario  is 
calculated  as  follows: 


Intake  = 


IQ-*  kglmg 
ATx  365 daystyear 


(19) 


Where: 


1  Parameter 

Description 

Units 

Value 

c. 

Chemical  conc«itration  in  soil 

mg/kg 

measured 

BW 

Body  weight 

kg 

70 

AT 

Averaging  time 

years 

70  (cancer  effects) 

30  (noncancer  effects) 

EF 

Exposure  frequency 

days/year 

350 

Age-adjusted  soil  ingestion  fKtor 

mg-yr^kg-rh^ 

114 
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Exposures/Risks  from  Dermal  Contact  with  Soil 

Dermal  contact  with  soil  could  potentially  provide  a  larger  chemical  intake  for  onsite 
residents  than  soil  ingestion  (EPA,  1992).  Potential  exposures  to  the  hypothetical  future 
resident  from  dermal  contact  with  soil  were  estimated  using  a  methodology  provided  by 
the  California  Department  of  Toxic  Substances  Control  (DTSC,  1993).  Chemical  intake 
from  dermal  contact  with  soil  was  estimated  using  the  following  calculation; 


Inmke-C  xV  SAxAFxABSxEFxEDxlQ-^kg/mg  (20) 

*  ^  BWxATx365daysfyear 

where  intakes  for  a  child  and  adult  are  estimated  separately,  then  summed.  "Intakes" 
includes  exposed  skin  surface  area  (SA),  exposure  frequency  (EF),  exposure  duration 
(ED),  and  body  weight  (BW).  The  parameters  are  present^  below: 


Parameter 

Description 

Units 

Value 

Intake 

Chemical  intake  rate 

mg/kg-day 

calculated  from  Eq.  17 

c. 

Chemical  concentration  in  soil 

mg/kg 

95  percent  UCL  of  mean 

BW, 

Body  weight  •  adult 

kg 

70 

BW, 

Body  weight  -  child 

kg 

15 

AT 

Averaging  time 

years 

70  (cancer  effects) 

30  (noncancer  effects) 

EF. 

Exposure  frequency  -  adult 

days/year 

100 

EF, 

Exposure  frequency  •  child 

days/year 

350 

ED. 

Exposure  duration  -  adult 

years 

24 

ED, 

Exposure  duration  •  child 

years 

6 

SA. 

Exposed  skin  surface  area  •  adult 

cmVday 

5,800 

SA. 

Exposed  sldn  sur6u»  area  -  child 

cmVday 

2,000 

AF 

Soil  adhemce  fru;tor 

mg/cm^ 

1.0 

ABS 

Fraction  of  chemical  absorbed  from  soU 
to  skin 

unitless 

chemical-specific 

Source:  DTSC,  1993 

The  value  of  ABS  was  assumed  to  be  0.  IS  for  all  of  the  COPCs  in  soil.  This  value  has 
been  estimated  for  dermal  absorption  of  benzo(a)pyrene  from  soil,  and  is  considered  by 
DTSC  appropriate  for  petroleum  hydrocarbon  constituents  (DTSC,  1993). 
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Attachment  G-1 
Exposure  Assessment 
and  Risk  Characterization  Calculation 


Tables  -1,  -5,  and  -9  in  this  series 
can  be  found  in  Appendix  A. 


Table  G-2 

Calculation  of  Health  Risks  Associated  with  Inhalation  of  Outdoor  Air 
Site:  Davis  Global  Conununkations  Site 


AT.C  Averaging  time  -  Carcinogens  yr 

AT JN  Averaging  time  -  Noncarcinogens 

EP  Exposure  frequency  days/yr 

ED  Exposure  duration  yr 

IRA _ Daily  inhalation  rate _ m^/day 


Table  G-3 

Calculation  of  Health  Risks  Associated  with  Inhalation  of  Outdoor  Air 
Site:  Davis  Global  Communications  Site 


a 

u 

I 

E 


PTUKIOUTXLS 


of  Health  Risks  Associated  with  Ingestion  of  Soil 
Site:  Davis  Global  Communications  Site 


599-70999959^ 

UlUlUlUIUiLUUlUJU^UlUl  &d 

ZSSS^SSSPjgS^ 

—  >rtr--o—  * 


lilssiiii 


■jjooooPsospqp 


Isu  883SS§SS3||S 

I  £  S  u  g  g  0  S  g  S  s  g  g  S 

S  mi  OOOO'^OOO'OOO,.^ 


*]§SE25SSf3S§ 

Lmrtju]u]UlU2UdU]U}U)UJ 

<^C<r^a030O 


**  S;I1S?9  =  99?949S 

a  iiSSSSSSSiSiiSg 

5^§'^SSS«nrNi«90m99r' 


— •40dei/^r>t^d0f^0'0 


9  9^ 

I  1  ^ 

t  a  e 


S  'll  a 

I  I  « 

•a 


rt  O' 
O  C4 

odd 


>c 

o  —  S  ^  ^ 

r»-  irt  ”  90  — 

d  —  2  «  2  c 


,  S  .  1 

III! 


ill* 


»  S  3  S  3  g 
®  d  d  d  d  o 


d 


O  O  2  O 

p*w  ro  T  •  r«»» 


■a  I- 

> 


2  a 

a  o  >, 

s  V  ?  M 

s  «  o  S 

^  §  1 1  i” 

o  S  «  a> 

2  s,  .s  .5  a 

X  SP  00  ^  3 

O  .5  s  S  S 

*  W  h*  o 

M  «j  V  2S. 

5  >  >  K 

^  <  <  U2 


£  2*  2  ic  6 

=  S  8  I*  I  I 

f.  6  §  I  1.  2 

.k  «  a  ^  *  S 

O  2  C  fs  Z  £ 


i 

5  H  H  Li.  Q  ^ 

£  S  <  <  u  M  a 


Exposure  Duration 
Body  Weight 


Cakulatioii  of  HealUi  Risks  Associated  with  Inhaiatioa  of  indoor  Air 
Site:  Davis  Giobai  Communications  Site 
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Table  G-7 

CakulatkHi  of  Health  Risks  Associated  with  Inhalation  of  VOCs  in  Groundwater 
Site:  Davis  Global  Communications  Site 

Scenario:  Reasonable  Maximum  Exposure 

Receptor:  Current  Land  Use,  Onsite  Worker  -  Production  Well  Data 
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Table  G-8 

Calculation  of  Health  Risks  Associated  with  Dermal  Contact  with  Groundwater  (Cal/EPA  Methodology) 
Site:  Davis  Global  Communications  Site 

Scenario:  Reasonable  Maximum  Exposure 

Receptor:  Current  Land  Use,  Onsite  Worker  -  Production  Well  Data 
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Table  G>10 

Calculation  of  Health  Risks  Associated  with  Ingestion  of  Groundwater 
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Averaging  time  -  noncarcinogens  yr  30 

Exposure  frequency  days/yr  350 


Project:  McClellan  Air  Force  Base 

Site:  Davis  Global  Communications  Site 

Scenario:  Reasonable  Maximum  Exposure 
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Table  G-14 

Calculation  of  Health  Risks  Associated  with  Inhalation  of  Outdoor  Air 
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Appendix  H 

SITE  ECOLOGICAL  CHARACTERIZATION 


I 

I  TECHNICAL  MEMORANDUM  H 


OBi/IHIiL 


PREPARED  FOR:  Davis  Global  Communications  Site  Risk  Assessment 
PREPARED  BY:  Gary  Santolo  and  Jamie  Maughan/CH2M  HILL 


DATE:  July  26,  1993 

SUBJECT:  Site  Ecological  Characterization 


PROJECT: 


SAC28722.55.15 


Introduction 

This  technical  memorandum  describes  the  ecological  features  of  the  Davis  Site  and 
adjacent  area  to  identify  resources  potentially  at  risk.  Special  attention  is  given  to 
ecological  resources  that  are  sensitive  to  the  type  of  contamination  expected  onsite, 
susceptible  to  impact  from  possible  remediation  activities,  or  unique  or  vulnerable  on 
a  regional  basis  (e.g.,  special-status  species  and  habi'  ts  of  recreationally  important 
species).  The  methods  used  to  characterize  the  ecological  resources  are  given  first, 
followed  by  a  description  of  botanical  resources,  wetlands,  wildlife,  and  special-status 
species. 


Methods 

The  ecological  resources  (including  botanical  and  wildlife  resources)  of  the  Davis  Site 
and  adjacent  lands  were  characterized  using  existing  records  of  the  site  area,  a  field- 
reconnaissance  survey  conducted  in  March  1993,  and  a  subsequent  site  visit  in  July 
1993.  The  California  Natural  Diversity  Data  Base  (CNDDB)  and  the  California 
Wildlife-Habitat  Relationships  system  (WHR)  were  queried  for  information  on 
special-status  species  and  general  species  found  in  the  vicinity  of  the  Davis  Site.  The 
CNDDB  search  was  limited  to  the  Davis  and  Merritt  7.5  minute  U.S.  Geological 
Survey  (USGS)  quadrangles  for  special-status  species  and  sensitive  habitats  (CNDDB, 
1993).  The  WHR  search  was  limited  to  Yolo  County  annual  grassland  (Califomia 
Department  of  Fish  and  Game  [CDFG],  1989). 

The  CNDDB  is  a  compilation  of  locality,  habitat,  and  status  information  for  sensitive 
species  and  habitats  maintained  by  the  CDFG.  It  includes  records  of  plant  and  ani¬ 
mal  species  and  sensitive  habitats  in  Califomia  from  a  variety  of  sources  including 
herbaria,  university  staff,  scientific  publications,  members  of  organizations  such  as  the 
Califomia  Native  Plant  Society  and  the  Audubon  Society,  agency  biologists,  and  envi¬ 
ronmental  consultants.  Data  may  be  accessed  by  USGS  quadrangle,  county,  or  ele¬ 
ment  name  (species  or  habitat).  Data  included  in  the  CNDDB  are  compiled  by 
opportunistic  rather  than  systematic  means,  and  may  not,  therefore,  include  all  spe¬ 
cies  and  habitats  of  concern  for  all  geographic  areas. 
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The  WHR  is  an  information  system  created  through  multiagency  cooperation  and 
maintained  by  CDFG.  It  assesses  terrestrial  vertebrate  species  occurrence,  habitat 
requirements,  life  history  information,  and  relative  abundance.  The  information 
comes  from  a  variety  of  sources  such  as  university  staff,  scientific  publications,  mem¬ 
bers  of  organizations  such  as  the  Audubon  Society,  agency  biologists,  and  environ¬ 
mental  consultants.  Data  for  a  specific  location  are  accessed  by  selecting  such  param¬ 
eters  as  county,  resource  agency,  region,  hydrologic  unit,  latitude  and  longitude 
(Latilong),  dominant  habitat  type,  special  elements,  and  others.  Nomenclature  for 
plant  species  follows  that  of  Munz  and  Keck  (1968).  Vegetation  community  descrip¬ 
tions  follow  Holland  (1986)  and  the  WHR  classification. 

The  March  1993  field  reconnaissance  was  conducted  over  the  entire  Davis  Site  study 
area  to  identify  biological  resources  and  sensitive  habitats.  The  reconnaissance 
included  a  general  survey  of  all  the  potentially  affected  areas,  although  none  were 
assessed  to  the  level  of  detail  that  will  be  required  for  the  definitive  determination  of 
species  occurrence.  The  purpose  of  the  July  1993  visit  was  to  evaluate  potential 
ecological  receptors  identified  firom  the  initial  reconnaissance  in  light  of  recent  site 
contaminant  data.  The  field  survey  and  project  biologists’  experience  with  California’s 
sensitive  plant  and  animal  species  helped  prevent  incorrect  omissions  and  ensured 
inclusions  of  species  and  habitats  potentially  affected  by  the  project. 

Surveys  were  conducted  only  during  a  short  period  in  early  March  and  a  single  site 
visit  in  July.  These  limited  surveys  were  not  detailed  enough  to  verify  information 
from  CNDDB  or  to  determine  former  presence  or  absence  of  special-status  species; 
therefore,  a  conservative  approach  was  adopted  in  assessing  the  impact  of  project 
activities  on  species  potentially  occurring  at  or  around  the  site.  Species  for  which 
habitat  was  known  to  occur  in  the  site  area  were  assumed  to  exist  or  to  have  been 
present  before  changes  caused  by  disturbances  at  the  site. 

Botanical  Resources 

The  predominant  plant  community  at  the  Davis  Site  and  the  portion  of  Wilson  Park 
near  the  site  is  annual  grassland.  No  riparian  habitat  or  vernal  pools  occur  within  or 
immediately  adjacent  to  the  site.  However,  riparian  habitat,  vernal  pools,  agricultural 
lands,  and  urban  habitats  occur  in  the  general  vicinity. 

The  Sacramento  Valley  was  originally  dominated  by  perennial  bunch  grasses  with  a 
variety  of  annual  plant  species  also  present  (Barbour  and  Major,  1988;  Holland  and 
Keil,  1989).  Since  the  mid-1800s,  human  activities  (such  as  agricultural  development) 
and  invasion  of  introduced  plant  species  have  completely  altered  the  species  composi¬ 
tion  of  the  valley  grasslands.  Introduced  annual  grasses,  broadleafed  weeds,  and 
other  ruderal  species  now  dominate  the  valley  grasslands. 

Practically  all  of  the  unimproved  lands  of  the  Davis  Site  now  support  the  aimual 
grassland  typical  of  the  region.  Actual  species  composition  varies  according  to  soil 
type,  moisture,  nutrients,  disturbances,  successional  stage,  and  allelopathic  inter¬ 
actions.  Typical  species  include  various  annual  grasses,  yellow  star  thistle,  Russian 
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thistle,  filaree,  prickly  lettuce,  vetch,  and  curly  dock.  There  are  virtually  no  shrubs  or 
trees  within  or  near  the  site. 

Wetland  vegetation  occurs  in  and  around  two  shallow  seasonal  wetlands  east  of  the 
compound.  Vegetation  supported  by  these  wetlands  includes  annual  grasses,  duck¬ 
weed,  rushes,  and  curly  dock. 

No  riparian  habitat  occurs  on  the  site  but  is  found  nearby  along  Putah  Creek.  Plant 
species  typically  found  in  riparian  habitat  include  willows,  cottonwood,  California 
black  oak,  Oregon  ash,  tree-of-heaven,  elderberry,  blackberry,  white  alder,  wild  grape, 
red  berry,  and  coffee  berry. 

Wetlands 

Seasonal  wetlands  were  found  east  of  the  fenced  compound  near  the  center  of  the 
Davis  Site.  These  wetlands  were  probably  formed  from  winter  rains  and  cover  less 
than  1  acre  of  the  site.  These  areas  support  some  wetland  vegetation  such  as  duck¬ 
weed,  rushes,  and  curly  dock,  but  do  not  appear  to  support  specific  plant  species 
associated  with  vernal  pools.  The  wetlands  do  not  appear  to  be  subject  to  §404  regu¬ 
lation  because  of  lack  of  obligatory  wetland  vegetation  and  period  of  inundation. 
However,  a  full  characterization  based  on  the  three-parameter  approach  (hydro¬ 
phytes,  hydric  soils,  and  hydrology)  was  not  performed  to  verify  the  nonjurisdictional 
determination.  A  thorou^  delineation  using  the  appropriate  technique  would  be 
necessary,  if  there  is  any  potential  for  disturbing  the  areas  during  remediation. 

The  Davis  Site  may  have  supported  vernal  pools  in  the  past,  but  previous  land  man¬ 
agement  practices  have  altered  the  unique  conditions  required  for  vernal  pool  devel¬ 
opment.  Vernal  pools  are  small,  hardpan-floored  depressions  in  a  valley  grassland 
mosaic  that  fill  with  water  during  the  winter  and  dry  during  the  spring  (Barbour  and 
Major,  1988).  As  the  pools  dry  out  in  the  spring,  a  variety  of  armual  plant  species 
(many  unique  to  vernal  pools)  flower,  often  in  brightly  colored  concentric  rings.  Ver¬ 
nal  pools  are  typically  formed  in  alluvial  materials  and  are  heavily  weathered  with 
subsoils  in  clay.  Special  hydrologic  and  chemical  conditions  of  vernal  pools  exclude 
most  Eurasian  weeds;  such  weeds  lack  the  ecological  adaptations  that  allow  them  to 
grow  in  the  pools  (Holland  and  Keil,  1989). 

Wildlife 

Wildlife  at  the  Davis  Site  consists  of  common  species  associated  with  armual  grass¬ 
lands  and  agricultural  habitats.  The  riparian  areas  in  the  vicinity  of  the  site  increase 
the  species  diversity.  Wildlife  species  that  typically  occur  in  the  habitat  found  at  the 
site  and  species  observed  during  the  recotmaissance  survey  are  listed  in  Table  H-1. 
Wildlife  observed  during  the  March  1993  survey  and  the  July  1993  site  visit  include 
northern  harriers,  turkey  vultures,  California  ground  squirrels,  burrowing  owls,  west¬ 
ern  meadowlarks,  loggerhead  shrikes,  killdeer,  mallard,  black-tailed  hares,  and 
California  voles. 
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at  the  Davis  Giobal  Conununkations  Site 


Sheet  1  of  5 


Species  Name 


Amphibians 


Tiger  Salamander 


Western  Spadefoot 


Western  Toad 


Pacific  Treefirog 


Reptiles 


Western  Pond  Turtle 


Western  Fence  Lizard 


Coast  Homed  Lizard 


Racer 


Coachwhip 


Gopher  Snake 


Common  Kingsnake 


Common  Garter  Snake 


Western  Terrestrial  Garter  Snake 


Western  Aquatic  Garter  Snake 


Western  Rattlesnake 


Birds 


Great  Blue  Heron 


Great  Egret 


Cattle  Egret 


Greater  White-fronted  Goose 


Snow  Goose 


Ross’  Goose 


Canada  Goose 


Green-winged  Teal 


Mallard 


Northern  Pintail 


Blue-winged  Teal 


Cinnamon  Teal 


Northern  Shoveler 


Gadwall 


American  Wigeon 


Turkey  Vulture 


Black-shouldered  Kite 


Scientiflc  Name 


Ambystoma  tigrinum 


Scaphiopus  hammondi 


Bufo  boreas 


Hyta  regilla 


Clemmys  marmorata 


Sceloporus  occidentalis 


Phrynosoma  coronatum 


Coluber  constrictor 


Masticophis  flagellum 


Pituophis  melanoleucus 


Lampropeltis  getulus 


Thamnophis  sirtalis 


Thamnophis  elegans 


Thamnophis  couchi 


Crotabis  viridis 


\Ardea  herodias 


Casmerodius  albus 


Bubidcus  ibis 


\Anser  albijrons 


Chen  caerulescens 


Chen  rossii 


Branta  canadensis 


Anas  crecca 


Anas  platyrhynchos 


[Anas  acuta 


Anas  discon 


[Anas  cyanoptera 


Anas  clypeata 


[Anas  strepera 


Anas  americana 


Cathartes  aura 


Elanus  caeruleus 


Known  to 
Occur 
Onsite 


Status 


CA 
H  SC 


RDD10012A42.WP5 


H-4 


Wildlife 


Table  H-1 

Species  Potentially  Occurring  and  Known  to  Occur 
at  the  Davis  Global  Communications  Site 


Species  Name 

Scientific  Name 

1  Birds  (Continued) 

Northern  Harrier 

Circus  cyaneus 

Sharp-shinned  Hawk 

Accipiter  striatus 

Cooper’s  Hawk 

AccipUer  cooperii 

Red-shouldered  Hawk 

Buteo  lineatus 

Swainson’s  Hawk 

Buteo  swainsoni 

Red-tailed  Hawk 

Buteo  jamaicensis 

Ferruginous  Hawk 

Buteo  regalis 

Rough-legged  Hawk 

Buteo  lagopus 

Golden  Eagle 

Aquila  chrysaetos 

American  Kestrel 

Falco  sparverius 

Merlin 

Falco  columbarius 

Peregrine  Falcon 

Falco  pereffinus 

Prairie  Falcon 

Falco  mexicanus 

Ring-necked  Pheasant 

Phasianus  colchkus 

California  Quail 

Call^epla  califomica 

American  Coot 

Fulica  americana 

Sandhill  Crane 

Grus  canadensis 

Black-bellied  Plover 

Pluvialis  squatarola 

Killdeer 

Charadrius  vociferus 

Mountain  Plover 

Charadrius  montanus 

Black-necked  Stilt 

Himantopus  mexicanus 

Spotted  Sandpiper 

Actitis  macularia 

Long-billed  Curlew 

Numerous  americanus 

Ring-billed  Gull 

Lotus  delawarensis 

California  Gull 

Lotus  califomicus 

Rock  Dove 

Cohimba  livia 

Mourning  Dove 

Zenaida  macroura 

Common  Bam  Owl 

Tyto  alba 

Western  Screech-owl 

Otus  kennicottii 

Great  Homed  Owl 

Bubo  virginiamts 

Bunowing  Owl 

Athene  cunicularia 

Long-eared  Owl 

Asia  otus 

Short-eared  Owl 

Asia  flammeus 

Lesser  Nighthawk 

Chordeiles  acutipennis 

Known  to 
Occur 
Onsite 
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Table  H-1 

Wildlife  Species  Potentially  Occurring  and  Known  to  Occur 
at  the  Davis  Global  Communications  Site 


Species  Name 

Scientiflc  Name 

1  Birds  (Continued) 

Common  Poorwill 

PhalaenoptUus  nuttiUlii 

White-throated  Swift 

Aeronautes  saxatalis 

Northern  Flicker 

Colaptes  auratus 

Black  Phoebe 

Sayomis  nigricans 

Say’s  Phoebe 

Sayortus  soya 

Western  Kingbird 

Tyrannus  verticalis 

Homed  Lark 

Eremophila  alpcstris 

Purple  Martin 

Progne  subis 

Tree  Swallow 

Tachycineta  bicolor 

Violet-green  Swallow 

Tachycineta  thalassina 

Northern  Rough-winged  Swallow 

Stelgidopteryx  serripennis 

Bank  Swallow 

Riparia  riparia 

Cliff  Swallow 

Hirundo  pyrrhonota 

Bam  Swallow 

Hirundo  rustica 

Yellow-billed  Magpie 

Pica  nuttalli 

American  Crow 

Corvus  brackyrhynchos 

Western  Bluebird 

Sialia  mcdcana 

American  Robin 

Turdus  migratorius 

Northern  Mockingbird 

Mimas  pofygtottos 

American  Pipit 

Anthus  spinoletta 

Loggerhead  Shrike 

Lanius  ludoviciamts 

European  Starling 

Stumus  vulgaris 

Yellow-mmped  Warbler 

Dendroica  cororuua 

Common  YeUowthroat 

Geothlypis  trichas 

Blue  Grosbeak 

Guiraca  caerulea 

Chipping  Sparrow 

Spizella  passerina 

Lark  Sparrow 

Chondestes  grammacus 

Savannah  Sparrow 

Passerculus  sandwkhensis 

Grasshopper  Sparrow 

Ammooramus  savannarum 

Song  Sparrow 

Melospiza  melodia 

Lincoln’s  Sparrow 

Melospiza  ImcolnU 

Golden-crowned  Sparrow 

Zonotrichia  atricapilla 

White-crowned  Sparrow 

Zonotrichia  leucophrys 

Red-winged  Blackbird 

Agelaius  phoeniceus 

Known  to 
Occur 
Onsite 
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Table  H-1 

Wildlife  Species  Potentially  Occurring  and  Known  to  Occur 
at  the  Davis  Global  Conununications  Site 
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Species  Name 


Birds  (Continued) 


Tricolored  Blackbird 


Western  Meadowlark 


Yellow-headed  Blackbird 


Brewer’s  Blackbird 


Brown-headed  Cowbird 


House  Finch 


Lesser  Goldfinch 


Lawrence’s  Goldfinch 


American  Goldfinch 


Mammals 


Virginia  Opossum 


Ornate  Shrew 


Broad-footed  Mole 


Yuma  Myotis 


Long-legged  Myotis 


California  Myotis 


Western  Pipistrelle 


Big  Brown  Bat 


Red  Bat 


Hoary  Bat 


Townsend’s  Big-eared  Bat 


Pallid  Bat 


Brazilian  Free-tailed  Bat 


Desert  Cottontail 


Black-tailed  Hare 


California  Ground  Squirrel 


Botta’s  Pocket  Gopher 


San  Joaquin  Pocket  Mouse 


California  Kangaroo  Rat 


Western  Harvest  Mouse 


Deer  Mouse 


California  Vole 


House  Mouse 


Coyote 


Scientific  Name 


Agelaius  tricolor 


Stumella  neglecta 


Xar***ocephabis  xanthocephalus 


Euphapu  cymocephalus 


Molothrus  ater 


Carpodacus  mexicanus 


Carduelis  psaltria 


Carduelis  lawrencei 


Carduelis  tristis 


Didelphis  virginiana 


Sorex  omatus 


Scapanus  latimanus 


Myotis  yumanensis 


Myotis  volans 


Myotis  catifomicus 


Pipistrellus  hespenis 


Eptesicus  fiiscus 


Lasiurus  borealis 


Lasiurus  cinereus 


Plecotus  townsendu 


Antrozous  pallidus 


Tadarida  brasiUensis 


Sylvilagus  audubonii 


Lepus  califomicus 


Spermophilus  beecheyi 


Thomomys  bottae 


Perognathus  inomatus 


Dipodomys  califomicus 


Reithrodontomys  megalotis 


Peromyscus  maniculatus 


Microtus  caUforracus 


Mus  rmtscubis 


Cams  latrans 


Known  to 
Occur 
Onsite 


Status 
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Wildlife  Species  Potentially  Occurring  and  Known  to  Occur 
at  the  Davis  Global  Conununkations  Site 
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Known  to 

Status  1 

Occur 

F 

C 

H 

c 

caI 

Species  Name 

SdentilSc  Name 

Onsite 

E 

E 

D 

p 

H 

sc  1 

1  Mammals  (Continued)  | 

Red  Fox 

Vulpes  vulpes 

Gray  Fox 

Urocyon  cinereoargenteus 

D 

Raccoon 

Procyon  lotor 

Q 

Long-tailed  Weasel 

Mustela  frenata 

D 

Badger 

Taxidea  taxus 

Q 

Western  Spotted  Skunk 

SpUogale  gracilis 

D 

Striped  Skunk 

Mephitis  mephitis 

X 

D 

Bobcat 

Felis  rufiis 

B 

FE:  Federal  Endangered 

CE:  California  Endangered 

CT:  California  Threatened 

CP:  California  Protected 

CASC;  California  Special  Concern 

H  :  Harvest 

Special-Status  Species 

No  special-status  plant  species  were  identified  by  the  CNDDB  query  or  observed 
during  the  reconnaissance  survey. 

Almost  all  species  of  birds  in  the  U.S.  are  protected  by  the  1972  Migratory  Bird 
Treaty  Act.  This  act  protects  birds  from  unregulated  "take,"  which  can  include  poi¬ 
soning  at  hazardous  waste  sites.  Special-status  wildlife  species  include  those  listed  by 
the  U.S.  Fish  and  Wildlife  Service  or  CDFG  in  the  following  categories: 

•  Species  listed  or  proposed  for  listing  as  threatened  or  endangered  under 
the  Federal  Endangered  Species  Act  of  1973  as  amended 

(50  CFR  17.11). 

•  Species  that  are  Category  1  or  2  candidates  for  listing  as  threatened  or 
endangered  under  the  Federal  Endangered  Species  Act  of  1973  (54 
Federal  Register  554,  January  6,  1989).  Category  1  candidates  are 
those  for  which  the  U.S.  Fish  and  Wildlife  Service  has  sufficient  infor¬ 
mation  to  support  listing  as  threatened  or  endangered,  and  Category  2 
candidates  are  those  for  which  further  information  is  required  to  deter¬ 
mine  appropriate  status. 

•  Species  listed  or  proposed  for  listing  under  the  California  Endangered 
Species  Act  (14  CCR  670,  et  seq.). 
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•  Animals  fully  protected  in  California  (California  Fish  and  Game  Code, 
§§  3511  (birds),  4700  (mammals),  and  5050  (amphibians  and  reptiles), 
prohibiting  taking  or  possessing  at  any  time  protected  animals  or  parts 
thereof. 

•  Species  that  meet  the  definitions  of  rare  or  endangered  under  State 
California  Environmental  Quality  Act  guidelines  (an  unlisted  species 
shall  be  considered  rare,  threatened,  or  endangered  if  it  meets  the  cri¬ 
teria  outlined  in  Section  15380). 

•  Animal  Species  of  Special  Concern  to  the  California  Department  of 
Fish  and  Game  (birds  [Remsen,  1978],  mammals  [Williams,  1986]  not 
included  in  CDFG  code). 

Special-status  species  identified  by  the  CNDDB  as  occurring  in  the  vicinity  of  the 
Davis  site  are  listed  in  Table  H-2,  and  information  on  habitat,  status,  and  the  occur¬ 
rence  or  potential  occurrence  is  described  below. 


Table  H-2 

Special-Status  Species  and  Habitats  IdentWcd  in 
the  California  Natural  Diversity  Data  Base 

Common  Name 

Scientiflc  Name 

Status 

(Statc/Federal) 

Potential 

Occurrence 

1  Reptiles  | 

Giant  Garter  Snake 

Thamnophis  gigas 

T/PE 

Marshes  and 
sloughs 

_ 1 

Swainson’s  Hawk 

Buteo  Swainsoni 

T/C3 

Agricultural  fields 
and  annual  grass¬ 
land 

Western  Snowy  Plover 

Charadrius  alexemdrim  nivosus 

CSC/T 

Open  areas  and 
alkali  flats 

Burrowing  Owl 

Athene  cunicularia 

CSC/ 

Annual  grasslands 

Notes;  T  =  Threatened  PE  =  Proposed  Federal  Endangered 

C3  =  Candidate  for  Federal  Listing  CSC  =  California  Special  Concern 

1  Source:  CNDDB,  1993. 

Giant  Garter  Snake.  The  giant  garter  snake  is  a  Proposed  Federal  Endangered  spe¬ 
cies  (Federal  Register,  December  27,  1991)  and  a  California  Threatened  species.  It  is 
primarily  associated  with  riparian  marsh  or  slough  habitats  that  are  periodically  imm- 
dated.  Periodic  flooding  provides  moisture  and  forage  fish  and  helps  remove  terres¬ 
trial  competitors.  Loss  of  habitat  (because  of  urbanization  and  agricultural  practices) 
and  the  introduction  of  competitors  and  predators  are  stated  as  reasons  for  the 
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decline  of  giant  garter  snake  populations  (CDFG,  1987;  1988b).  It  is  unlikely  that 
giant  garter  snakes  inhabit  the  Davis  Site  because  of  the  lack  of  suitable  habitat. 

Swainson’s  Hawk.  Swainson's  hawks  are  a  California  Threatened  species  that  nest 
mostly  in  riparian  areas,  but  they  may  also  nest  in  lone  trees  or  groves  in  agricultural 
fields,  pastures,  and  roadsides.  They  forage  in  open  grasslands,  lightly  grazed  pas¬ 
tures,  alfalfa,  and  other  hay  crops  with  abundant  prey  (small  mammals,  birds,  repti'es, 
and  insects).  The  decline  in  the  Swainson’s  hawk  population  is  possibly  due  to  loss  of 
nesting  and  foraging  habitat  as  a  result  of  agriculture  and  urbanization.  Pesticides 
may  also  have  contributed  to  the  decline  of  the  Swainson’s  hawk  population  (CDFG, 
19^;  1990).  The  Davis  Site  lacks  suitable  nesting  habitat  but  may  provide  some  for¬ 
aging  habitat.  A  number  of  known  Swainson’s  hawk  nests  were  identified  within  a  10- 
mile  radius  of  the  site  (CNDDB,  1993). 

Western  Snowy  Plover.  The  coastal  population  of  the  western  snowy  plover  is  listed 
as  a  Federal  Threatened  species  and  a  CDFG  Species  of  Special  Concern.  Interior 
populations  are  generally  stable  (Page,  1993).  TTiey  require  a  sandy,  gravelly,  or  fri¬ 
able  soil  substrate  for  nesting  and  frequently  nest  near  or  under  objects  such  as  drift¬ 
wood,  rocks,  or  defoliated  bushes.  Nests  may  also  occur  on  open  barren  ground  in 
alkali  sinks  with  no  nearby  cover.  Nesting  occurs  from  April  through  August.  The 
major  inland  nesting  habitat  of  these  birds  appears  to  be  on  salt  pond  levees,  alkali 
sinks,  and  at  Salton  Sea  and  Mono  Lake  (CDFG,  1990).  Snowy  plover  chicks  were 
observed  at  the  Davis  sewage  treatment  ponds  in  1963  (CNDDB,  1993).  This  loca¬ 
tion  is  about  6  miles  north  of  the  site.  However,  snowy  plovers  would  not  be  expec¬ 
ted  to  occur  at  the  Davis  Site  because  it  lacks  suitable  nesting  habitat. 

Burrowing  Owl.  The  burrowing  owl  is  a  CDFG  Species  of  Special  Concern.  The 
species  is  rare  or  absent  in  much  of  Northern  Caltfomia  and  is  generally  uncommon 
where  it  does  occur.  The  decline  of  this  species  is  attributed  to  loss  of  habitat  caused 
by  agricultural  and  urban  development.  TTte  burrowing  owl  is  found  in  open,  dry 
grassland  areas;  it  eats  mostly  insects  but  also  feeds  on  small  mammals,  reptiles,  birds, 
and  carrion.  Burrowing  owls  use  existing  burrows  (especially  ground  squirrel  burrows) 
for  shelter  and  nesting  cover  (CDFG,  1990).  Burrowing  owls  were  observed  in  the 
fields  along  the  entrance  road  south  of  the  compound,  and  on  communication  towers 
and  the  wires  supporting  the  towers  north  and  south  of  the  fenced  compound.  Poten¬ 
tial  habitat  exists  for  the  owl  over  much  of  the  site.  Ground  squirrel  burrows  were 
found  in  gravel  stockpiled  for  road  maintenance  and  soil  piles  left  from  removal  of 
undergroimd  diesel  fuel  storage  tanks  east  and  north  of  the  compound.  Burrows  in 
these  piles  could  be  used  by  burrowing  owls,  although  none  were  observed  during  the 
reconnaissance  survey. 
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Appendix  I 

ECOLOGICAL  CONTAMINANTS  OF  POTENTIAL  CONCERN 


TECHNICAL  MEMORANDUM  I 


a&HHILL 


PREPARED  FOR:  Davis  Global  Conuniinications  Site  Risk  Assessment 
PREPARED  BY:  Jamie  Maughan/CH2M  HILL 


DATE:  July  26,  1993 


SUBJECT:  Ecological  Contaminants  of  Potential  Concern 

PROJECT:  SAC28722.55.15 


Introduction 

This  technical  memorandum  identifies  contaminants  associated  with  the  Davis  Site 
that  could  pose  an  ecological  risk.  The  identification  process  involves  first  evaluating 
ecological  exposme  pathways  firom  the  potentially  contaminated  media  to  ecological 
receptors.  If  a  pathway  is  identified,  contaminants  in  the  media  are  examined  to 
determine  which  contaminants  in  which  media  warrant  further  evaluation  of  potential 
ecological  effects. 

Contaminants  are  evaluated  by  comparing  them  to  background  concentrations,  deter¬ 
mining  the  frequency  of  occurrence,  and  comparing  them  to  toxicity  values  reported 
in  the  literature  to  establish  ecological  benchmarks.  Inorganic  contaminants  were 
never  used  onsite  so  there  is  no  reason  to  expect  their  presence;  therefore,  only 
organic  compounds  (petroleum  hydrocarbons  and  synthetic  organic  compounds)  were 
measured  and  are  thus  the  only  contaminants  addressed  in  the  risk  assessment. 
Because  these  compounds  do  not  occur  naturally  (i.e.,  no  measurable  background 
concentration),  any  detectable  levels  are  considered  above  background  concentrations. 
For  this  ecological  evaluation  of  contaminants  of  potential  concern  (COPCs),  if  a 
compound  was  detected  in  5  percent  or  more  of  the  samples,  it  was  evaluated  further. 


The  process  of  developing  ecological  benchmarks  and  comparing  them  to  onsite  con¬ 
centrations  varies  by  media  and  compotmd.  For  some  media,  criteria  and  standards 
have  been  established.  For  example,  EPA  has  developed  water  quality  criteria  for 
most  inorganic  and  many  organic  compounds  (U.S.  EPA,  1986  and  19^).  For  soils, 
bioassay  tests  and  onsite  measurements  of  ecological  effects  often  can  be  used  in 
developing  site-specific  ecological  benchmarks.  For  inhalation  pathways,  little  or  no 
ecological  research  has  been  done,  and  most  ecological  benchmarks  must  be  based  on 
research  and  calculations  done  for  human  health  considerations. 

The  COPCs  are  evaluated  below  for  each  of  the  potentially  contaminated  media. 
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Soils 


Ecological  pathways  in  soils  are  generally  confined  to  the  surface  (top  5  feet  or  less). 
Most  plants  and  animals  do  not  obtain  food,  shelter,  or  nutrients  below  this  depth  so 
there  is  no  opportunity  for  exposure  by  contact  or  ingestion.  Under  normal  condi¬ 
tions,  contamination  from  deeper  soils  is  not  likely  to  be  mixed  with  the  top  5  feet; 
thus,  soils  below  5  feet  do  not  support  an  exposure  pathway. 

All  soil  contamination  at  the  Davis  Site  resulted  from  leaks  of  underground  tanks  or 
other  sources  placing  contaminants  well  below  5  feet  (see  Appendix  C,  Site  Concep¬ 
tual  Model).  Surface  soils  were  considered  clean  and  were  not  tested.  Thereioic, 
with  the  exception  noted  below,  soils  are  not  considered  a  medium  of  concern. 

The  only  soil-related  concern  is  soil  presumably  excavated  during  tank  removal  and 
stockpiled  onsite.  These  soils  represent  potential  pathways  via  ingestion,  inhalation, 
and  dermal  contact,  particularly  for  animals  burrowing  into  the  soil  piles.  Testing  of 
these  soils  identified  diesel  concentrations  based  on  the  modified  Method  8015 
analysis  (see  Appendix  C): 

•  Number  of  samples -14 

•  Frequency  of  detection— 50  percent 

•  Maximum  concentration- 180  mg/kg 

•  Mean±  standard  deviation -55  ±67  mg/kg  (using  half  detection  limits  for 
nondetectable  values) 


Based  on  toxicity  data  ft^om  EPA  (1992b)  and  estimated  ingestion  rates  and  size  for 
small  mammals,  a  soils  ecological  benchmark  for  ingestion  of  diesel-contaminated  soil 
was  calculated  as  follows: 


Soil  criterion  (mg/kg) 


TVxBW 

RIxCF 


(1) 


Where: 

TV  =  Toxicity  value  as  lowest  observed  adverse  effect  level 

BW  =  Body  weight  (kg) 

IR  =  Ingestion  rate  (mg/day) 

CF  =  Conversion  factor  (1x10'*  kg/mg) 

An  ingestion  benchmark  for  soil  of  2,033  mg/kg  was  estimated  using  this  method. 

Stating  with  an  inhalation  exposure  criterion,  an  inhalation  pathway  benchmark  in 
soils  was  calculated  as  follows: 
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(2) 


H  =  —SSL 


waur 


(3) 

^wattr 


Where: 

H  is  adjusted  for  temperature  and  made  unitless  by: 

H=H’/RT  where: 

H’  =  Henry’s  Constant  for  diesel  in  atm-m^/mol  =  2.9E-4 

(USAF,  1989) 

R  =  8.26E-5  atm-m^/mol/K® 

T  =  temperature  in  K®  (assumed  to  be  305K®  for  the  Davis 

Site) 

Cgas  =  concentration  in  gas  (mg/m^) 

^water  =  Concentration  in  water  (fig/l) 

Cjou  =  concentration  in  soil  (/ig/kg) 

Kj  =  partitioning  coefficient  corrected  for  carbon  content 

Koc  =  organic  carbon  partitioning  coefficient  (962  ml/g)  (USAF,  1989) 

foe  =  fraction  organic  carbon  in  soil  (assumed  to  be  0.005  for  the  Davis  Site) 

Using  150  mg/m^  as  the  concentration  in  gas  (which  is  the  inhalation  lowest  observed 
effect  level  for  small  mammals  given  by  U.S.  EPA  [1992b])  a  soil  concentration  of 
62,678  fig/kg  or  63  mg/kg  was  calculated  for  the  Davis  Site. 

No  dermal  contact  toxici^  information  was  available  to  determine  a  benchmark. 
Inhalation  was  judged  to  be  the  critical  pathway  and  was  judged  not  to  be  a  concern 
if  levels  did  not  pose  a  risk  for  inhalation  dermal  contact. 
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Comparison  of  onsite  concentrations  to  these  benchmarks  indicates  that  diesel  is  not 
a  concern  for  ingestion.  However,  at  the  maximum  concentrations,  it  could  poten¬ 
tially  be  of  concern  for  inhalation.  Therefore,  it  is  retained  as  a  COPC. 


Groundwater 

Under  natural  conditions,  groundwater  from  the  Davis  Site  does  not  reach  the  sur¬ 
face;  in  fact  it  is  at  least  10  feet  below  the  surface  at  all  times.  Consequently,  there 
is  no  potential  for  contact  or  consumption  of  groundwater  by  ecological  receptors. 
Without  a  completed  pathway,  the  contaminants  in  groundwater  are  not  considered  a 
concern  for  the  ecological  risk  assessment. 


Surface  Water 

Because  there  is  no  surface  water  on  the  site,  there  is  no  ecological  exposure  pathway 
via  this  medium.  However,  one  remediation  scenario  involves  treating  groundwater 
for  organic  contaminants  followed  by  spray  irrigation  of  the  effluent  for  disposal.  The 
spray  irrigation  system  would  require  an  effluent  holding  pond,  which  would  be  a 
possible  surface-water  ecological  exposure  route.  The  effluent  would  be  treated  for 
organics  and  therefore  free  from  organic  contaminants,  but  inorganic  compounds  that 
naturally  occur  in  the  groundwater  might  be  present  in  the  effluent.  Predicted  con¬ 
centrations  of  several  inorganics  in  the  holding  pond  exceed  applicable  ecological 
benchmarks  (Table  I-l).  For  purposes  of  the  following  comparison,  the  benchmarks 
are  considered  as  100  percent.  The  following  contaminants  exceed  benchmarks  and 
therefore  are  considered  COPCs: 

•  Antimony -273  percent  of  benchmark 

•  Iron -555  percent  of  benchmark 

•  Lead -714  percent  of  benchmark 

•  Nickel  - 123  percent  of  benchmark 

•  Selenium— 550  percent  of  benchmark 

•  Thallium -208  percent  of  benchmark 


Soil  Gas 

Animals  that  live  close  to  the  groimd  can  be  exposed  to  gases  in  the  soil.  Soil  bur¬ 
rowing  animals  are  particularly  susceptible  to  iiAaling  soil  gases  because  they  can  live 
in  a  closed  space  where  no  dilution  of  soil  gases  occurs.  Several  gases  were  detected 
at  frequencies  ranging  from  20  percent  to  69  percent  of  the  samples  (Table  1-2). 

Ecological  benchmarks  for  inhalation  pathways  are  not  readily  available  (Maughan, 
1993;  Suter,  1993).  Consequently,  potential  for  ecological  risk  was  determined  by 
comparing  measured  soil  concentrations  to  standards  and  research  developed  for 
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Table  I-l 

Human  Health  Protection  Criteria 

Compared  to  Expected  Pond  Influent  Concentrations  Oig/I) 

Contaminant 

Pond  Average 
Concentration 

EPA  Freshwater* 
Chronic  Criteria 

Aluminum 

1,858 

N/A 

Antimony 

81.8 

30 

Barium 

170.0 

2,000 

Calcium 

32,714 

N/A 

Chromium  (III) 

127.4 

365*= 

Cobalt 

9.4 

N/A 

Copper 

14.0 

21= 

Iron 

5,549 

1,000 

Lead 

55.0 

7.7= 

Magnesium 

101,571 

N/A 

Manganese 

152.4 

N/A 

Molybdenum 

9.1 

N/A 

Nickel 

346.8 

283= 

Selenium 

27.5 

5 

Sodium 

115,571 

N/A 

Thallium 

83.0 

40 

Vanadium 

19.9 

N/A 

Zinc 

62.9 

191= 

»U.S.  EPA  (1986,  1992a). 

^ond  values  as  average  concentrations  from  six  monitoring  wells  at  the  project  site.  Fall 
and  winter,  1992. 

^Calculated  based  on  a  hardness  of  200  ppm  as  CaC03. 

Note:  N/A  =  Not  Applicable 

human  exposure  (Table  1-2).  If  maximum  measured  concentrations  are  significantly 
below  the  standards,  no  ecological  risk  is  expected.  If  the  onsite  levels  approach  or 
exceed  the  human  health  criteria,  additional  toxicity  evaluation  such  as  partitioning 
and  modeling  can  be  performed  (Kappleman;  1993;  Suter,  1993). 


At  the  Davis  Site,  all  detected  soil  gas  concentrations  were  significantly  below  the 
values  developed  for  human  exposure  (Table  1-2).  In  addition,  site  specific  evalua¬ 
tions  for  inhalation  exposure  of  burrowing  animals  have  been  conducted  for  several 
compounds  detected  at  the  Davis  Site;  comparison  of  these  levels  supports  the  con¬ 
clusion  of  no  ecological  risk  from  soil  gases.  A  level  of  160  ^g/1  (compared  to  0.27 
^g/1  at  the  Davis  Site)  was  calculated  for  benzene  (Kappleman,  1^3).  For  toluene, 
Kappleman  (1993)  calculated  an  ecological  effects  level  for  burrowing  mammals  of 
320  ftg/1  (maximtim  Davis  Site  concentration  of  6.8  ng/l).  On  the  basis  of  these  com 
parisons,  contaminants  in  soil  gas  are  not  considered  a  concern. 
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Table  1-2 

Summary  of  Davis  Global  Communicatioiis  Site 
Soil  Gas  Concentrations 


Benzene 

Detection 

Frequency 

Unit 

Maximum 

Concentration 

Benchmark 

Percent 

Benchmark* 

0.26 

mg/m^ 

0.27 

30= 

0.90 

1,1-Dichlorethene 

0.22 

1.6 

100** 

1.60 

Ethylbenzene 

0.2 

5.8 

435= 

1.33 

M,P-Xylene  (sum  of  Isomers) 

0.43 

16.3 

435= 

3.75 

O-Xylene  (l,2=Dimethylbenzene) 

0.26 

17.5 

435= 

4.02 

Tetrachloroethene  (PCE) 

0.69 

146 

670= 

21.79 

Toluene 

0.48 

6.8 

750= 

0.91 

Trichloroethene  (TCE) 

0.36 

12.7 

535= 

2.37 

^For  purposes  of  this  comparison,  100  =  standard. 

‘^altoni,  et  al.,  1985. 

‘^ittig,  1985. 

Summary 

Listed  below  are  ecological  compounds  of  concern  for  each  media  at  the  Davis 
Global  Communication  Site: 

•  Soils -Diesel  (soil  piles  only) 

•  Groundwater -None 

•  Surface  Water  (effluent  storage  pond  only) 

Antimony 

Iron 

Lead 

Nickel 

Selenium 

Thallium 

•  Soil  Gas— None 
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Appendix  J 

ECOLOGICAL  EFFECTS  OF  REMEDIATION 


TECHNICAL  MEMORANDUM  J 


CKH/IHILL 


PREPARED  FOR:  Davis  Global  Communication  Site  Risk  Assessment 
PREPARED  BY:  Jamie  Maughan/CH2M  HILL 


DATE:  July  27,  1993 


SUBJECT:  Ecological  Elffects  of  Remediation 

PROJECT:  SAC28722.55.15 


Introduction 

This  technical  memorandum  identifies  and  evaluates  the  potential  effects  of  remedia¬ 
tion  on  ecological  resources  and  the  effects  of  contaminants  left  onsite.  Measures  to 
avoid  or  minimize  those  impacts  are  also  identified  and  evaluated.  The  discussion  is 
presented  under  the  headings  of  the  significant  resources  on  or  adjacent  to  the  site. 


Surface  Water 


Ecological  Effects 

Neither  the  Proposed  Action  using  the  reinjection  end-use  option  nor  the  No-Action 
Alternative  would  adversely  affect  the  site’s  surface-water  features.  The  temporary 
winter  rainwater  pools  are  not  located  in  the  immediate  vicinity  of  the  project,  and  no 
permanent  surface-water  features  would  be  affected.  Runoff  hydrology  would  not  be 
affected  by  the  project  because  extensive  grading  and  new  impervious  surfaces  are  not 
planned. 

With  the  Proposed  Action  irrigation  end-use  option,  a  storage  reservoir  (pond)  would 
be  constructed  to  allow  for  irrigation  management  and  irrigation  system  downtime. 
The  proposed  design  provides  for  a  5-  to  10-foot-deep  pond  of  0.5-acre  in  surface 
area.  Estimates  of  pond  water  quality  are  presented  in  Table  J-1.  Because  the 
treated  water  (effluent  from  the  groundwater  treatment  system)  would  meet  drinking 
water  criteria,  aquatic  life  protection  standards  for  VOCs  also  would  be  met  for  water 
in  the  reservoir. 
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Cation  concentrations  are  not  expected  to  be  changed  by  the  VOC  remediation  pro¬ 
cess.  Some  average  cation  concentrations  may  fail  to  meet  state  and  federal  aquatic 
life  protection  standards.  Antimony,  iron,  lead,  nickel,  selenium,  and  thallium  concen 
trations  in  the  pumped  groimdwater  may  exceed  chronic  water  quality  criteria. 
Selenium  is  of  particular  concern  because  of  known  toxicity  to  waterfowl  at  these  con¬ 
centrations. 

The  most  significant  surface-water  quality  concerns  relate  to  the  management  of  the 
pond  because  it  may  be  used  by  waterfowl  or  other  semiaquatic  birds.  VOCs  would 
be  essentially  eliminated  firom  the  pond  inlet  water.  Any  remaming  VCXI!s  would 
degrade  and  volatilize  naturally  in  the  pond,  further  reducing  average  in-pond  concen 
trations  below  those  of  the  inlet  water.  The  greatest  water  quality  concerns  for  the 
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pond  are  excessive  biological  enrichment  and  selenium  concentrations.  The  treated 
groundwater  stored  in  the  pond  is  expected  to  be  relatively  nutrient-rich  (from  nitro¬ 
gen  and  phosphorus  compounds)  and  to  stimulate  the  growth  of  algae,  aquatic  plants, 
and  populations  of  aquatic  insects  such  as  midges  and  mosquitos.  These  insects  might 
attract  waterfowl.  During  late  summer  and  fall,  dieoff  of  aquatic  plants  and  bacterial 
blooms  might  create  water  quality  problems  for  waterfc  vl  and  shorebirds  if  the  pond 
were  drawn  down  or  if  water  levels  were  to  fluctuate  as  part  of  irrigation  manage¬ 
ment.  Botulism  outbreaks  in  waterfowl  are  known  in  the  Yolo  County  area  under 
these  conditions.  Botulism  production  and  aquatic  bird  deaths  in  ponds  are  favored 
by  decaying  organic  matter,  shallow  and  fluctuating  water  depth,  and  high  ambient 
temperatures  (Locke  and  Friend,  1987).  These  conditions  can  be  expected  in  Yolo 
County  shallow  ponds  in  late  summer. 

Neither  the  Proposed  Action  nor  the  No-Action  Alternative  would  have  significant 
impacts  on  absorption  rates,  drainage  patterns,  or  the  amoimt  of  surface  runoff.  The 
Proposed  Action  would  not  involve  major  grading  of  the  site  and/or  construction  of 
impervious  surfaces  that  would  promote  surface  runoff.  If  the  irrigation  alternative  is 
chosen,  1.0  acre  of  the  site  would  be  used  for  construction  of  a  water  storage  reser¬ 
voir.  This  reservoir  would  retain  treated  water  near  the  northwest  portion  of  the  site 
for  irrigation  reuse  and  would  only  affect  absorption  rates  beneath  the  pond. 

Mitigation 

For  the  Proposed  Action  irrigation  end-use  option,  the  pond  should  be  managed  to 
maintain  the  maximum  possible  water  depth.  Management  for  botulism  prevention 
should  consist  of  maintaining  high  water  levels  in  the  pond  during  late  summer  and 
quickly  removing  any  bird  carcasses  found  on  the  edge  of  the  pond  (Locke  and 
Friend,  1987).  Proper  management  would  reduce  this  potential  impact  to  less-than- 
significant  levels.  In  addition,  water  levels  in  the  pond  should  be  kept  high  to  reduce 
mosquito  breeding  and  to  discourage  waterfowl  and  shorebird  use  during  the  breeding 
season  (spring,  early  summer)  to  avoid  problems  with  selenium  toxicity.  Deeper 
water  is  less  attractive  to  these  species  than  shallow  water  (<3  feet  deep).  Proper 
pond  management  should  reduce  surface-water  problems  for  waterfowl  to  insignifi¬ 
cant  levels. 


Biological  Resources 


Ecological  Effects 
Botanical  Resources 

The  Proposed  Action  using  the  irrigation  end-use  option  would  change  botanical 
resources  in  portions  of  the  Davis  Site  because  about  1  acre  would  be  excavated  to 
create  a  holding  reservoir,  and  55  acres  of  aimual  grassland  vegetation  would  be  con¬ 
verted  to  irrigated  cropland  to  grow  alfalfa.  The  impact  on  plant  populations  at  the 
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site  would  be  less  than  significant  because  no  special-status  species  are  known  to 
occur  there. 

With  the  implementation  of  either  the  Proposed  Action  reinjection  end-use  option  or 
the  No-Action  Alternative,  land  use  would  not  change,  and  there  would  be  no  signifi¬ 
cant  impact  on  botanical  resources. 

Wetlands 

There  are  no  vernal  pools  at  the  Davis  Site.  A  seasonal  wetland  at  the  site  is  used  as 
resting  and  foraging  area  by  some  ducks  and  shorebirds,  but  it  is  too  small  an  area 
and  too  sparsely  vegetated  to  be  an  important  wetland  area  for  wildlife  populations  in 
the  vicinity.  Furthermore,  no  major  disturbances  of  the  wetland  are  anticipated  as  a 
result  of  construction  activities  in  the  project  area. 

Wildlife  Resources 

The  Proposed  Action  irrigation  end-use  option  would  cause  a  loss  of  some  wildlife 
habitat  in  portions  of  the  Davis  Site.  The  Proposed  Action  calls  for  excavating  about 
1  acre  to  create  a  holding  reservoir  and  converting  an  additional  55  acres  from  annual 
grassland  vegetation  to  irrigated  cropland  to  grow  alfalfa.  Direct  impacts  to  wildlife 
habitat  would  vary  during  construction.  The  areas  used  for  the  reservoir  would  be 
permanently  lost  to  terrestrial  wildlife  but  would  provide  habitat  for  aquatic  species 
such  as  waterfowl  and  possibly  shorebirds.  The  portions  of  the  site  converted  to 
alfalfa  would  continue  to  provide  habitat  for  terrestrial  wildlife  species.  During  con¬ 
struction,  the  more  mobile  wildlife  species  would  be  temporarily  displaced  into  nearby 
similar  habitats  but  would  be  expected  to  return  to  adjacent,  undisturbed  habitats 
soon  after  completion  of  construction.  The  Proposed  Action  would  have  a  less-than- 
significant  impact  on  wildlife  populations  at  the  site;  the  No-Action  Alternative  would 
have  no  effect  on  wildlife  populations  at  the  site.  For  both  the  Proposed  Action  and 
the  No-Action  Alternative,  areas  disturbed  for  the  pipelines  and  injection  wells  would 
be  affected  in  the  short-term  but  would  revegetate  with  annual  grassland  species. 

Soil  piles  north  and  east  of  the  compound  in  the  middle  of  the  site  were  presumably 
created  when  underground  storage  tanks  were  removed.  These  piles  have  maximum 
residual  concentrations  of  180  mg/kg  diesel  (see  Appendix  I,  Ecological  Contaminants 
of  Potential  Concern)  and  provide  opportunities,  which  are  realized,  for  California 
ground  squirrels  to  construct  burrows.  Within  the  burrows,  the  air  could  reach  equi¬ 
librium  with  the  contaminated  soil  and  pose  an  inhalation  threat  to  animals  using  the 
burrows. 

The  Proposed  Action  includes  grading  the  soil  piles.  The  grading  should  dilute  the 
areas  of  diesel  contamination  to  at  least  the  average  concentration  (55  mg/kg),  which 
is  below  the  ecological  benchmark  of  63  mg/kg.  Also,  much  of  the  diesel  would  be 
volatilized  during  the  spreading,  thus  significantly  reducing  the  amount  available  to 
contaminate  air  in  burrows.  Most  significantly,  grading  the  piles  would  make  con¬ 
struction  of  a  burrow  surroimded  by  contaminated  soil  impossible,  so  the  pathway 
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would  be  eliminated.  Consequently,  the  burrowing  owl  and  other  animals  would  not 
be  affected  by  contaminated  soil. 

Under  the  No-Action  Alternative,  the  piles  and  diesel-contaminated  soil  would  remain 
in  place.  The  contamination  is  not  expected  to  affect  mammal  populations  on  the 
site  because  only  a  few  of  the  piles  (25  percent)  are  sufficiently  contaminated  to  have 
effects,  and  the  remaining  area  is  sufficient  for  burrow  construction.  However,  bur¬ 
rowing  owl  populations  use  the  ground  squirrel  burrows  in  the  piles  as  shelter  or 
breeding  habitat;  inhalation  of  volatilized  petroleum  hydrocarbons  could  have  an 
effect. 

Aquatic  Resources 

Neither  the  No-Action  Alternative  nor  the  reinjection  end-use  option  of  the  Proposed 
Action  would  have  an  effect  on  aquatic  resources.  For  the  Proposed  Action  using  the 
irrigation  end-use  option,  the  effluent  holding  pond  would  not  support  establishment 
of  an  unaffected,  self-sustaining  aquatic  community  because  chronic  water  quality 
criteria  are  significantly  exceeded  for  six  metals  (Table  J-1).  However,  because  the 
pond  water  would  generally  meet  acute  water  quality  criteria  (Table  J-2),  the  pond 
could  support  some  tolerant  forms  for  short  periods.  The  lack  of  a  permanent 
aquatic  community  is  not  considered  a  significant  impact  because  no  existing  resource 
is  lost  or  impaired.  Establishment  of  a  temporary  community  would  not  be  consid¬ 
ered  a  positive  effect  because,  as  noted  above,  it  could  attract  waterfowl  and  have 
potentially  significant  wildlife  impacts. 


TaUe  J-2 

Comparison  of  Effluent  Pond  Water  Quality  to  Acute  Water 
Quality  Criteria 

Contaminant  of 
Potential  Concern 

Acute  Criteria 

Estimated  Pond  Level 
(Ag/I) 

Antimony 

88* 

82 

Iron 

N/A 

5,549 

Lead 

197‘’ 

55 

Nickel 

2449** 

347 

Selenium 

20 

28 

Thallium 

1,400® 

83 

"Proposed 

hardness  dependent,  calculated  at  200  ppm  total  hardness 
^0  criteria  developed,  number  is  lowest  observed  effect  level 

1  Source:  U.S.  EPA  (1986,  1992) 

1 
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Special-Status  Species 


Plant  Species.  No  special-status  plants  are  found  at  the  Davis  Site  so  no  special-sta¬ 
tus  plant  species  will  be  affected  by  either  the  Proposed  Action  or  the  No-Action 
Alternative. 

Swainson’s  Hawk.  The  California  Department  of  Fish  and  Game  (CDFG)  has  estab¬ 
lished  a  mitigation  goal  of  no  net  loss  of  Swainson’s  hawk  breeding  or  foraging  habitat 
and  has  developed  strategies  and  mitigation  criteria  to  reverse  the  population  decline 
of  this  species  in  the  Central  Valley  (CDFG,  1992).  In  these  guidelines  CDFG  has 
established  the  destruction  of  nesting  and/or  foragmg  habitat  as  "take”  under  the 
California  Endangered  Species  Act.  California  considers  all  lands  with  suitable  cover 
crop  within  a  10-mile  radius  of  an  active  nest  site  to  be  potential  foraging  areas. 
Adverse  modification  of  foraging  areas  may  require  mitigation  for  loss  of  foraging 
habitat.  The  need  to  mitigate  impacts  depends  on  the  following  criteria  (CDFG, 
1992): 

•  Territory  must  have  been  used  at  least  once  historically  (as  determined 
by  CDFG  Swainson’s  hawk  nesting  records). 

•  Mitigation  is  required  for  all  lands  within  the  defined  foraging  area  (10 
miles),  excluding  lands  currently  in  urban  use  or  lands  that  have  no 
existing  potential  value  for  foraging  Swainson’s  hawks  as  determined  by 
site-specific  surveys  by  a  CDFG-qualified  raptor  biologist. 

•  Mitigation  for  foraging  areas  shall  be  a  minimum  of  1  acre  actually 
managed  for  Swainson’s  hawk  habitat  for  every  acre  lost.  Increased 
mitigation  ratios  may  be  necessary  in  certain  instances  to  maintain 
adequate  foraging  habitat  to  support  Swainson’s  hawk  populations  or  if 
a  project  site  provides  breeding  or  forage  habitat  for  more  than  one 
pair.  Habitat  conservation  plans  currently  being  prepared  for  several 
areas  may  identify  new  information  regarding  habitat  requirements  for 
nesting  pairs.  Therefore,  these  criteria  are  to  be  considered  interim 
guidelines.  Mitigation  ratios  may  increase  for  future  projects  based  on 
additional  information  from  research  on  this  species. 

Swainson’s  hawks  are  known  to  nest  and  forage  within  10  miles  of  the  Davis  Site. 

Any  project,  public  or  private,  that  adversely  affects  Swainson’s  hawk  habitat  requires 
a  mitigation  plan  following  the  guidelines  developed  by  CDFG  (1992).  The  annual 
grassland  habitat  on  the  Davis  Site  may  provide  some  foraging  opportunities  for 
Swainson’s  hawks. 

Implementing  the  option  of  the  Proposed  Action  would  have  a  less-than-significant 
effect  on  Swainson’s  hawks.  About  1  acre  of  annual  grassland  habitat  would  be  lost 
because  of  construction  of  the  reservoir.  However,  about  55  acres  would  be  conver¬ 
ted  to  irrigated  agriculture  to  grow  alfalfa.  Alfalfa  is  considered  optimal  foraging 
habitat  and  would  improve  the  foraging  opportunities  for  Swainson’s  hawks  in  the 
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Davis  Site  vicinity.  The  alfalfa  habitat  would  be  considered  of  greater  value  to 
Swainson’s  hawks  than  grassland.  Construction  of  the  pipeline  and  injection  wells 
would  cause  temporary  disturbance  to  1  to  2  acres  of  annual  grassland  habitat.  This 
disturbance  would  be  temporary,  and  no  significant  adverse  effect  would  be  expected. 
No  construction  disturbance  would  be  expected  within  one-half  mile  of  any  known 
nests  (an  evaluation  criterion  that  has  been  used  by  CDFG),  so  there  would  be  no 
significant  impact  to  Swainson’s  hawk  nesting  or  foraging  habitat. 

If  there  is  no  change  in  land  use,  there  would  be  no  impact  to  Swainson’s  hawks  with 
the  No-Action  Alternative. 

Burrowing  Owls.  The  Proposed  Action  irrigation  end-use  option  would  have  less- 
than-significant  impacts  on  burrowing  owl  populations  at  the  Davis  Site.  About  1 
acre  of  annual  grassland  habitat  would  be  lost  because  of  construction  of  the  reser¬ 
voir.  Few  ground  squirrel  burrows  were  observed  on  the  north  side  of  the  site  where 
this  action  would  be  taken.  Because  of  the  lack  of  burrows  and  the  tall,  dense  vege¬ 
tation  found  in  this  area,  it  is  only  marginally  suitable  for  burrowing  owls.  However, 
the  levees  to  be  constructed  for  the  reservoir  probably  would  be  colonized  by  ground 
squirrels,  creating  additional  habitat  suitable  for  burrowing  owl  use.  About  55  acres 
would  be  converted  to  irrigated  agriculture  to  grow  alfalfa.  The  irrigated  fields  would 
not  provide  habitat  for  burrowing  owls,  but  the  edges  of  the  alfalfa  fields  might  pro¬ 
vide  suitable  habitat.  Construction  of  the  pipeline  and  injection  wells  would  tempo¬ 
rarily  disturb  1  to  2  acres  of  annual  grassland  habitat.  Because  this  disturbance  would 
be  temporary,  no  significant  impact  to  owls  would  be  expected. 

Implementation  of  the  Proposed  Action  reinjection  end-use  option  would  have  no 
impact  on  burrowing  owls. 

The  Proposed  Action  includes  redistributing  the  soil  piles.  This  would  dilute  high 
concentrations  of  petroleum  hydrocarbons,  eliminate  the  potential  for  burrows  in 
contaminated  soil,  and  significantly  accelerate  concentration  reduction  resulting  from 
vaporization.  Consequently,  there  would  be  no  impact  to  burrowing  owls  under  the 
Proposed  Action. 

As  discussed  previously  under  the  No-Action  Alternative,  diesel-contaminated  soil  in 
piles  north  and  east  of  the  site  could  potentially  limit  owl  shelter  and  breeding  habi¬ 
tat.  Inhalation  of  diesel  vapors  for  long  periods  by  animals  in  the  burrows  could 
affect  those  animals.  It  is  unclear  if  there  is  an  existing  impact;  if  there  is,  it  is  mar¬ 
ginal  and  should  diminish  with  time  as  the  diesel  vaporizes.  Therefore,  even  with  no 
action,  the  impact  on  owls  would  be  minimal  over  time. 

Western  Snowy  Plover  and  Giant  Garter  Snake.  According  to  information  from  the 
California  Natural  Diversity  Data  Base  (CNDDB),  the  California  Wildlife  Habitat 
Relationships  System  (WP®),  and  the  reconnaissance  survey,  it  is  unlikely  that  west¬ 
ern  snowy  plovers  or  giant  garter  snakes  occur  at  the  Davis  Site.  Therefore,  there 
would  be  no  impact  to  these  species  from  either  the  Proposed  Action  or  the  No- 
Action  Alternative. 
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Mitigation 


No  significant  adverse  effects  on  botanical  resources,  including  threatened  or  endan¬ 
gered  species  of  plants,  have  been  identified,  and  no  major  disturbances  of  the  site  or 
construction  activities  are  anticipated  in  the  project  area  that  would  have  an  adverse 
impact  on  any  botanical  resources.  Consequently,  no  mitigation  is  required.  The 
only  potential  impact  to  wetland  or  wildlife  resources  would  be  the  possible  loss  of 
Swainson’s  hawk  foraging  habitat  if  spray  irrigation  is  used.  This  impact  would  be 
mitigated  to  nonsignificance  by  the  cultivation  of  55  acres  of  alfalfa  associated  with 
spray  irrigation. 
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